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PREFACE. 


The object of the present work is to initiate the student into the 
study of the Structure, Functions, Classification, and Distribution 
of Plants. The Fiusr Paut embraces Vegetable Organography, 
or a description of the tissues of which jdants an? composed, and 
of the various organs which an? concerned in the prex^esses of 
nutrition and reproduction, without an accurate knowledge of 
whi(‘h it is impossible to make progress in Botanical science. 
I'he Second Paut includes Vegetable Physiolog)*, or the con- 
sideration of the Functions which jdants perfonn in the living 
sUit4*. The Third Part has reference to the Classification of 
plants — the eHS(‘utial characters of the Cliisses and Orders Ixdng 
given, along with tJio prnp*rtieH of the more important sjwies, 
esjMvially such as are usixl in meilicinc or in tlu" arts. In the 
Focktu Part, the Distribution of plants is cemsidered in a 
(ieographical point of view; mid in the Firm Part, the subject 
c»f Fossil iUitany is discussed. Directions in regard to (he 
Examination and IVeparation of Plants for the Herl^arium. 
Musiuim, and MicroscoiH\ and an explanation of tlie common 
Botmiicttl temm, are added as an Ap|H?ndix. 

Ah it is of great importance that the tyro in li^»tany should 
iHH'ome acquainted with tho apjx‘arances of plants and of tlieir 
organs, wood^nits have been extensively used as illustrations. 
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The number of thoee tiaa caimnl Um) work to oxtend over many 
more [Miges iluin was at first ♦.‘oiiteuiplatod* Tlio publiabera 
have supplied Wi.>od’H'uts from Maout s Atlas tbiueiitairo do 
Botauitpie, oiul from Kittu's llililirat (AcloiKiHlia ; other cuts 
have been deriviNl from original houiith, as well as from tlic 
works of Jussieu, Mirliol, Payer, St. Hilaire, lleuslow, Harvey, 
Grt*ville, Ralls, Sehleideii, Mold, Amici, Ht>lhu‘ister, Heiifn^y, 
UngiT, Lindley and Hutton, and Bla* kios Itii{HTial Dictionary. 
Full explanations of the cuts are given in the muen, and with 
them an? embcwiicd fiicts ndating t4i Si^riptinx* plants, and to 
uiht r matters not included in the text. At the end of different 
sections then' is inserted a larief rtMapitulatioii or analysis of 
what has bi'en staleil in the prf*vious ; thus enabling the 
studt'iit to 8t*c at a glanct* tb* principal poinm which ilernand his 
attoniion ; and in tlie case of subpvts rci|uiriiig furtle*r elucida- 
tion, references an^ maJr to works mid [*aj>erH which may la? 
consullcsl In the Hist*»lugical de|*artment of ila* wt>rk tliere is 
a description t>f the microscojK? and its um*s ; and lists ar*' given 
of preparations w hich may U* easily |‘njcured fr*r the puq>i>se of 
illustration. 

The Author has to a^’knowDdge his obligation to Dr. Dtmglas 
Maclagan. tor his assistance in reganl to Medicinal atei PiUisuious 
plants ; and to l>r. George WilMm, f »r aiding him in tlm 
Chemistrj* of Vf'getaiion, 

In prostrcuting the science of DfUany, the student nmst f*ver 
bear hi mind tiuit it is only by the exmtanation of plants in fhe* 
garden and in the fhdds, hy careful diss<‘ctiom», ami by nii<*roa- 
coptc investigations of living and d«a#l tissues, llial lie? can 
acquire a correct km>wlcdgT of the subje^i^ JJo Isxik can make 
up for the wajit of this ; no di s<'ri{>tions imr illustmtirms can 
supply its pla<?e. All that tin? tca«'’her <’an do by his U^ciurea 
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aod textrlK>ok i8 to diroct the pupil in his reacarches, and to 
refer tiiiu to the Book of Nature as the guide in his investiga- 
tions. The student must not be led away by human authority, 
however distinguished ; his motto must be — 

KulUuf addictui jurare In verUa znagIvtH. 

Wliile he avails himself of all the aid supplied by eminent 
Botanists, he must endeavour by personal observ'ation to ascer- 
tain tlie correctness of their statements. He must carefully 
avoid hasty generalization, and a blind attachment to theories, 
however plausible. His foundation of facts must lie solid if his 
inductions arc* to lie correct It is by a patient and laborious 
Hfwch after truth, by a diligent and enlightened questioning of 
Nature, and, aliovc all, by a luunble defKUidence upon Him who 
is k'fort* all tilings, and by whom all things consist,” that the 
iKituiieal enquirer can cxjx‘ct to arrive at satisfactory results. 


KnifutCKOii. Jaxcary ISM. 
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CORRECTIONS AND ADDITIONS.. 


Page 58, line 19 from the bottom, before Bryony insert tendril of. 

Page 92, line 19, /or part read fact. 

Page 108, between paragraphs 161 and 162, insert — 

Trecul says that leaves all originate in a primary cellular mammilla, 
with or without a basal swelling, according as they are to have sheaths 
or not ; and that they are developed after 4 principal types — 1, the 
centrifugal formation, from below upwards ; 2, the centripetal forma- 
tion, from above downwards ; 3, the mixed formation ; and 4, the 
parallel formation. The centrifugal development may be illustrated 
in the leaf of the Lime-tree, which begins as a simple tumour at the 
apex of the stem. This tumour lengthens and enlarges, leaving at its 
base a contraction which represents the petiole. The blade, at first 
entire, is soon divided from side to side by a sinus. The lower lobe 
is the first secondary vein. The upper lobe is subdivided in the same 
manner 6 or 6 times, forming as many secondary veins. Sinuosities 
then appear in the lower lobe, indicating the ramifications of the 
lower vein ; and finally fresh toothings appear corresponding with 
more minute ramifications. Thus the various veins in the leaf of the 
Lime-tree are developed like the shoots of the tree that bears them, and 
the toothing does not arise from cells specially adapted for that pur- 
pose on the edge of the leaf, as Mercklin has supposed. The hairs on 
the under surface of the leaf are also formed from below upwards. 

Leaves developed centripetally are equally numerous with the pre- 
ceding ; of this sort are the leaves of Sanguisorba officinalis, Rosa 
arvensis, Cephalaria procera, &c. In them the terminal leaflet is first 
produced, and the others appear in successive pairs downwards from apex 
to base. The stipules are produced before the lower leaflets. All digi- 
tate leaves, and those with radiating venation belong to the centripetal 
mode of formation as regards their digitate venation. 

In some plants, as Acer, the two preceding modes of development 
are combined. This is called mixed formation. In Acer platanoides 
the lobes and the midribs of the radiating lobes form from above 
downwards, the lower lobes being produced last, but the secondary 
venations and toothings are developed like those of the Lime-tree. 
In Monocotyledons we meet with the parallel leaf formation of Trecul. 
All the veins are formed in a parallel manner, the sheath appearing 
first. The leaf lengthens especially by the base of the blade, or that 
of the petiole when present. 

Leaves furnished with sheaths, or having their lower portions pro- 
tected by other organs, grow most by the base ; while those which 
have the whole petiole early exposed to the air, grow much more 
towards the upper part of the petiole. (Trecul, Comptes Rendus, 
1863.) 

Page 137, line 13 from bottom, /or Potamogetous read Potamogetons. 



XX 


CORBECTIONS AND ADDITIONS. 


Page 234, in note to Fig. 650, omit recurved. 

Page 244, line 10, insert 3 carpels or 3 separate styles ; line 11, 4 carpels or 
4 separate styles, &c. 

Page 268, line 13 from the bottom, /or Fig. put Fig. 780. 

Page 294, Fig. 883. Raspberry is put by mistake for Mulberry. The latter 
fruit is figured at p. 891, Fig. 1656. 

Page 295, before apocarpous fruits, put in a separate line, as a general head- 
ing — MonogynoBcial fruits, formed by the gynoecium of a single flower. 

Page 296, before anthocarpous fruits, put Polygyncecial fruits, formed by the 
gynoBcia of several flowers. 

Page 296, line 21, after Medlar insert — in the latter two of which the car- 
pels are covered by the succulent calyx, but not incorporated with it. 

Page 421, line 7, /or serratula read serrulata. 

Page 439, for additional heights of Pines see pages 908-910. 

Page 447, in note to Fig. 1143, /or Sapindacese Malpighiacese. 

Page 460, headline, /or yretaw read watery. 

Page 500, line 30, for May read January. 

Page 561, in Fig. 1194 the flower should be represented as standing above 
the water. 

Page 563, Pig. 1200 is inverted. 

Page 571, line 32, after sporangia insert the following — 

Thuret has shown that the antheridia of Fuci contain anthero- 
zoids which are the immediate fecundating agents. Several of the 
FucacesB are dioecious. When the plants are placed for some time in a 
damp atmosphere, the spores and antheridia are pushed out on the 
surface of the fronds in great numbers. They are then easily collected 
and deposited in vessels filled with sea-water, or simply in a drop of 
water on a slip of glass, which is protected from evaporation. When 
kept in separate vessels, the antheridia emit antherozoids, which 
move about. This goes on for a day or more, while the archegonial 
cells are decomposed. But if the antherozoids are brought into con- 
tact with archegonial cells, then impregnation is effected ; the arche- 
gonial cell becomes invested with a very distinct membrane in the 
course of a day or two, a septum is formed, dividing it into two hemi- 
spheres, and an elongation takes place at a point in its circumference. 
The development of the young plant then proceeds rapidly. The 
septa become numerous, elongation increases, and in about ten days 
the cell is converted into an ovoid cellular mass (spore) of a brown 
colour, supported on a transparent radicle. The radicles turn from 
the light. 

Page 644, line 5 from the bottom, for graminifolius imt pygmaeus. 

Page 750, line 7 from bottom, after Drymis granatensis, read which appears 
to be the same as D. Winteri. 

Page 857, line 1, for Baba read Buba. 

Page 1052, line 17 from the bottom, omit three lines beginning with there,” 
and ending “ opposite to the,” and insert the following : — ‘‘ There 
are two vascular systems, one forming a series of bundles in the me- 
dullary axis of the stem, each of the bundles being placed opposite 
to the wedges of wood internally ; and the other going directly to the 
leaves, the bundles of vessels being placed opposite to the” 

Page 1056, line 33, Peuce Lindleyana should bo noticed in the Reign of 
Gymnosperms, as connected with the Lower Oolite. 



PART II. 


PHYSIOLOGICAL BOTANY. 


CHAPTER J. 

REMARKS ON THE GENERAL PHENOMENA OF PLANT LIFE. 

484. The Physiological department of Botany, which is usually 
denominated Vegetable Phj'siology, embraces a consideration of plants 
in a state of activity, and perfonning certain functions which are 
intimately connected with their life and duration. These vital func- 
tions may be traced through all stages of growth, from the first cell of 
the embryo up to the fully developed plant. The study of the func* 
tions of the simple plant-cell aids much in the elucidation of all the 
phenomena of plant life. The cell of the Yeast plant (Fig. 1061), 
and of the Red and Green Snow plants (Figs. 1062, 1063), is capable 
of performing all the functions of nutrition and reproduction. It 
absorbs fluids through its walls, enlarges, elaborates secretions, and 
forms new cells which propagate tlie individual. Thus, a simple 
isolated cell grows or enlarges, is endowed with a certain plastic or 
formative vital power, hy which new cells are produced, exhibits fre- 
quently movements in its interior, forms secretions, becomes often 
thickened by deposits on its walls, and ultimately dies. Here, then, in 
the cell, in all its stages of growth, formation of secretions, repro- 
duction, and decay, is an epitome of vegetable life. 

485. The cell, while carrying on these vital actions, sometimes 
continues to retain a more or less rounded fonn, as in the Red-snow 
plant (Fig. 1062) ; at other times it undergoes morphological changes, 
so as to assume a cylindrical, clavate (Fig. 1064), fusiform, sinuous, 
or starlike form. There is an active period of cell -life during which 
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the protoplasm or formative matter in tJie inteiior is capable of under- 
going the changes to which allusion lias been made. The formation 
of reproductive cellules within the cavit}^ of the cell, or of deposits on 
its walls, frequently puts an end to its vital fimctions. 

486. The same vital process which tak(‘s place in an isolated cell, 
occurs also in cells united together. In cellular plants, as Algje 
(p. 348), and Fungi (p. 344), several cells are generally combined, so 
as to form one plant. The union takes place either in a single linear 
scries, as in many Conferv«‘e (Fig. 1065), or in a bi'anching series, as 
in certain Moulds (Fig. 1066), or in several rows united laterally, so 
as to form a flat expansion, as in the thallus of Sea- weeds (Fig. 1067). 
Each cell of such ])lants performs its own s})eeial function, and the 
united cells are concerned in giving rise to combined vital phenomena. 
While there is individual cell-life, there is also the general life of the 
united cells, which, together, constitute the compound cellular plant. 
In such plants the functions of the diflereut cells are s})ecialized ; some 
being concerned in the function of nutrition or vegetation, others in 
that of reproduction. In common Mould (Fig. 1068), there is observed 
a series of cells, m. forming the mycelium or spawn, vhich absorb 
nourishment, and })ro<luce stalks, / by means of which nutriment is 



ri<^. 1001. Tig. 1062. Fig 1060. 


conveyed, and these terminate in a globular collection of cells, s, con- 
cerned in reproduction, to which the name of spores or genus is given. 
Here the functions of nutntion and reproduction are localized, each 
being confined to a peculiar set of cells. 

487. Proceeding from the lower fonns of vegetation to the higher, 
we reach vascular plants, which, although cellular in their early stage 
of gi'owth, present, when fully developed, marked morphological changes. 
In them the cells exhibit various forms — some being short and angular, 
others being lengthened so as to fomi tubes or vessels. When these 
vessels arc thickened by ligneous deposits, they constitute woody tubes 
(Fig. 1069), which give strength and stability. The cavities of these 
tubes are frequently obliterated, as in the perfect heart wood of trees, 
and then their active life ceases. The production of fibres on the inner 

Fig. 1061. Cells of llie Yeast plant {Torula cerevmai) in different stages of growth i c, cell in an early 
state ; h, cell with nucleus; c, cell with nucleoli. The simple cell performs all the functions of nutn- 
tion and reproduction. 

Kg. 10G2. Cells of the Red-snow plant (Protoeoccus nivalis), in different stages of growth and deve- 
lopment ; a, cell in the young state ; b, cell fully formed, with cellules in its interior ready to he dis- 
charged, and to form independent plants ; c, cell after its contents have been discharged. An isolated 
cell, in tliis instance, performs the functions of nutrition and reproduction. 

Fig- 1063. Cells of the Green-snow plant {Protococcus riridis), in their state of full development, 
containing germs or cellules which when discharged produce new plants. The cells perform nutritive 
and reproductive functions. 
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walls of elongated tapering cells gives rise to the various kinds of 
fibro- vascular tissue (Figs. 1070, 1071, 1072). In vascular plants 
special cells are appropriated for secretions (p. 32), such as starch, 
gum, sugar, oils, and milky juices. We frequently find contiguous 
cells having ver>^ different contents. Thus, in the grain of the ('erealia, 
certain rows of cells contain nitrogenous compounds, while others con- 
tain starch; in the stems of grasses and Equiseta some cells are filled 
with silica, while adjoining cells contain scarcely a trace of this sub- 
stance. The nutrition of the plant is carried on by one set of cells 
and vessels, while its reproduction, or the development of new cells, 
is confined to another set. Vascular plants are thus compound indi- 
viduals, formed of cells in various morphological states. There is a 




specialization of the functions of cells and vessels, and all by their 
united action contribute to the general life of the compound plant. 

488. Schacht* remarks that a plant is composed of one or more 
cells, and that it is only in the lowest species that the cells are of the 
same value ; in other words, are of the same chemical and physical 
nature, and of the same physiological importance. Even amongst the 
mushroom and sea- weed orders, it is only the lowest plants which have 

Fig. 1064. Elongated club-shaped cell of Vaticheria oroidra, discharging a cellular spore which has 
been formed in its interior. 

Fig. 1065. Two filaments of a cellular plant {Zygnema), uniting together by means of tubes. The 
plant consists of a filament formed by a scries of cells united in a single row. The different cells 
appear to have different functions. ' 

Fig. 1066. A species of Mould-fungus {Botryiis), consisting of certain nutritive cells, w, forming the 
mycelium or spawn, a cellular stalk,/, w'hich branches at tlie top and bears rcproiluctne cells, s. 

Fig. 1067. Thallus of the common Bladder sea-weed {Fucus vcsiculotiis), consisting of numerous 
cells united, some being nutritive, th, thy others reproductive, /r,//*. 

* Schacht, die Pfluuzen-Zclle, Berlin 1852; Schncht, La vie de la I’lantc, Amiales des Sciences Na- 
turelles, Sd serie, xvii. 202. 
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cells concerned alike in the processes of vegetation and reproduction. 
The higher plants of these orders, like the luchcns, are composed of 
cells of dilferent value^ in the sense in whicli we have defined (p. 
361) that phrase. In plants of still higher organization, we meet 
with numerous cells totally different in a physical and chemical, as 
well as in a physiological point of view. The life of such plants 
depends on the regular action of these cells of unecpial value, 
arranged and developed in a determinate manner, but varying with 
the plant. At the earliest period of its organization, every plant 
is composed of cells of the same value. Very soon, however, two 




Pig. 1071. 



Fig, 1072. 


Pig. 1070. 


different kinds of cells appear, one sort being concerned in the pro- 
duction of new cells, and called by Schacht the organizing tissue or 
cambium ; the other serving chiefly to form nutritive matter, such as 
starch, gum, sugar, chlorophyll, <Src., and called the nourishing tissue or 
proper parenchyma. The former tissue occurs at the extremities of 

Fig. 1068. A species of Mould {Mucor) showing the nutritive cells forming the mycelium or spau'ii, 
m, and those composing the stalk,/, which bears at its summit a globular cell, s, containing minute repro- 
ductive germs or spores. The cells at m and /are concerned in nutrition, those at ^ are connected w'ith 
reproduction. 

Fig. 1069. Woody tubes consisting of elongated cells having thick walls. 

Fig. 1070. Spiral vessels consisting of elongated cells wluch assume a tubular and fusiform shape, 
and have a spiral fibre formed on the inside of their walls. 

Fig. 1071. Elongated cell, forming a tube, with the fibres inside in the slinpe of rings. 

Fig. 1072. Cells elongated and enlarged, so as to form pentagonal and hexagonal tubes with the 
fibres inside in the shape of lines or bars. 

Fig. 1078. Embryo contained in the seed of the Barberry. The lower portion of the axis gives 
origin to the radicle or young root which protrudes at the micropyle. The upper portion afterwards 
appears as the ascending portion of the axis. 


GENERAL PHENOMENA OP PLANT LIFE. 


363 


the bud and root, and also gives origin to the vascular bundles; it 
is an active tissue, rich in azotized matters. The latter is the tissue 
engaged in the formation of nutritive 
matters, such as starch, cellulose, lig- 
nine, oils, resins, colouring matters, ca 
and organic acids. It is rich in the 
hydrates of carbon, which are deposited si 
on the walls, and in the interior of j 
the cells. This tissue becomes elon- p 
gated, so as to assume the form of * 
woody and vascular tubes, the activity i 
of which often ceases after a certain i 
period. The life of vegetable cells 
is thus, according to Hchacht, a che- 
mico-physiological phenomenon ; one 
cell absorbs and elaborates substances ' 
differently from others. The life of 
the higher species of plants results 
from the regular vital action of cells / 
of unequal value, which are concerned ^ 
in the formation of new organs and 
of new matters. 

489. In the growth of an ordinary 
vascular plant, we perceive, first, a 
swelling of the cellular embryo con- 
tained ill the seed (Fig. 1073) ; the 
axis elongates — one portion of it, 
called descending, has active organiz- 
ing cells connected with the formation of the root (Fig. 1074, r), 
and its fibrils, b b ; another, called ascending, appears as a bud 
(gemmulc), containing active organizing cells, which give rise to the 
stem (Fig. 1074, a), and -its various internodes, i i i /, bearing, first, 
seed-leaves or cotyledons, c, then ordinary leaves, sim])le or compound, 
/ / /, then flower-leaves, in the form of sepals, s, petals, jo, stamens, st^ 
and carpels, ca. In the axil of the leaves, that is, at the points where 
they come oft’ from the axis, buds, d (J d dj are produced capable of 
developing branches, and on the edges of the carpcllary leaves, ca, 
or, at other times, at the extremity of the axis, cellular buds, called 
ovules, are formed. There is thus, as shewn in the ideal figure, a 

Fiij. 1074. An ulral representation of a tloweriii" plant cliielly after Sclileidcn. Tliere is a general 
axis from wliicli proceeds tlie descending system, forming tlic root, r, with its lilirils, h b. l-’rom tlie 
same axis proceeds tlie asceiiding^system, forming the stem, a, with its various internodes, it it. On 
llie ascending axis leaves are produced, lirst in the form of cotyledons or seed-leaves, e, and tlien in 
the form of simple or compound leaves, III, in the axil of whieli huds, d dd d, arc produced. In the 
progress of time tlie llowcr and organs of veproiluction are developed, and these are formed upon the 
type of llic leaf; the calyeine leaves or sepals, s, tlie coroJIinc leaves or petals, p, tlie staminal leaves 
orbtamens, sl^ and the pisUllinc leaves or carpels, ca. The ovules are cither produced on the edges 
of the carpels or at the extremity of tlie axis enclosed hy the carpels. Both the nutritive and repro- 
ductive organs are formed upon a common type. 
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central axis, from which proceeds a nidiciilar portion in a downward 
direction, and a tigellary portion upwards — the former being the system 
connected with the absorption of nutriment irom the earth by means 
of fibrils, the latter being concerned with the exposure of the leaves 
and flowers to air and light, so as to form secretions and produce 
seed. 

490. When the young plant begins to sprout or germinate, che- 
mical changes take place, by which the insoluble starch of the seed is 
converted into soluble, gummy, and sjiccharine matter. The descend- 
ing portion of the axis then appears in the form of the radicle, which 
protnides from the foramen of the seed, and gives origin to fibrilliform 
roots. The roots absorb lupiid nourishment from the soil, which is 
carried up as sap through the stem to the leaves, undergoing changes 
in its course. This conveyance of sap is not carried on by a series of 
anastomosing tubes, as iii the case of animals, but by a series of closed 
cells or tubes of different forms, which are of unequal value, and 
which convey licpiids of various kinds from one j)art to another. Some 
of the tubes, such as the si)iral vessels and their modifications, usually 
convey air. 

491. The active cambium cells are concerned in tJic formation of 
vascular bundles, and of the parenchyma or nutritions colls of the stem 
and root. A cylindrical layer of these active cells is formed in the 
young stem between the medullary and cortical parenchyma. In an 
ordinary tree, this layer, called by Schaclit the thickening-zone^ con- 
tinues its functions during the life of the ])lant, forming internally new 
wood, and externally new bark. In Endogens and the higher Cryj)- 
togamous plants, this thickening zone is active but for a short i)eriod 
of time, and hence the stems of these plants, after increasing in 
diameter up to a certain point, grow subsequently only in height. 

492. The leaves absorb Inpiids and gases, and elaborate secretions, 
which are afterwards employed in the }>r()ecsses of vegetation. The 
green parts of plants under the influence of light carry on a process of 
deoxidation,^ decomposing carbonic acid, and setting free its oxygen, 
thus counteracting the effects produced on the atmosphere by the 
breathing of man and animals, and by other processes of combustion 
and oxidation. Sir Hnmpliry Davy remarks — ‘‘Nature lias linked 
together organic beings, and made them mutually dependent on each 
other for their existence, and all dependent on light. A jirivation of 
light would be destructive to organic; existence ; vegetation would 
cease; the siipjdy of oxygen would be quickly cut off from animals; 
the atmosphere would become composed of carbonic acid ; and percep- 
tion and volition would exist no longer.’^ *1* 

493. At a certain period of a plant’s life flowers are iirocluced, 
containing the organs of reproduction. Their function is tbe funnation 


* This process ouglit, perlvij)S, in sfnci chemuiil l-.inguapc, rather (o hr callpd one of deenrbouiza- 
iion, inasnnirh as the pUint retains the carbon foi jib on n use, 
t Davy’s Works, vol. i. p. W>. 
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of the seed containing the embryo. The seeds are scattered in various 
ways, and, when placed in favourable circumstances, sprout and give 
origin to new plants. The duration of the life of plants varies. Some 
plants go through all their phases of existence in the course of a year, 
and are called annual; in others the vital functions extend over two 
years, and they arc hence called biennial ; while a third set, such as 
our forest trees, continue to live during many years, and are called 
nial. Some plants flower only once in their life, and then die after pro- 
ducing fruit. In such instances the flowering and fruiting may take place 
at the end of one year, or it may he delayed for many years. The age 
which some trees attain is very great. The peculiarity of the orga- 
nization of vegetables, and their unlimited power of increase by buds, 
present great difficulties in determining the duration of percmiial plants. 
Each individual cell, and each smgle organ, has a definite termination 
of its life. The individual shoots go through their periods of existence 
independently, and only share the Aveakness which the older organs 
suffer from age, when these latter are no longer able to convey onward 
tlie necessary amount of nourishment to the young shoots. In such 
circumstances, the latter die, not from deficiency of innate vital poAvers, 
but from defect of nourishment or starvation. If an additional supply 
of food could be im})arted, as by grafting the slioots on vigorous stems, 
then their life AA^ould be ])rolonged. The obstacle to the conveyance 
of the requisite quantity of nourishment to the young shoots, in pro- 
portion as the stem elongates year by year, will naturally put an end 
to the existence of ])erennial plants. Eatui in those trees which attain 
a great age, there is thus an internal cause which tends to thefr ulti- 
mate death, although that may he long delayed. 

494. Plants, in the exercise of their various functions, form cer- 
tain organic products Avhich supply nourishment to a higher order of 
beings. The animal kingdom is, in truth, dependent for its existence 
and support on the vegetable world. Plants, under the influence of 
light and heat, bring together a certain number of elements derived 
from the atmosiihere and soil, and subject them to processes by 
AAdiich they are combined into nutritious matter. One jiortion of this 
is consumed by plants themselves in maintaining their structure, and 
in developing the embryos Avhicli are to replace them, another portion 
serves for food to animals, and tlie remainder is either returned to tht* 
soil, so as to increase its fertility, or is buried in the earth, so as to 
form peat, coal, and other fossil fuels destined to benefit future genera- 
tions of mankind. 

495. The folloAving tabular view by Dumas* and Boussingault 
[xiints out the contrast and antagonism between the processes of ani- 
mal and vegetable life, and sheAvs the mode in which they are made 
mutually subservient to each otlier : — 

* Uunias, Buluucc of Organic Xaturt*. See also Alison on A'lial Affinily, m TraiiB. Royal Sor. 
Edin. XX. SSfJ. 
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An Animal 
is 

An apparatus of combustion or oxi- 
dation. 

Possesses the faculty of locomotion. 
Bums carbon. 

„ hydrogen. 

,y ammonium. 

Exhales or gives off carbonic acid. 

,, water. 

„ oxide of ammonium, 
azote. 

(Jonsumes oxygen. 

„ neutral azotized matters, 
fatty matters. 
amylaceous matters, gum, 
and sugar. 

Produces heat. 

„ electricity. 

Restores its elements to air and earth. 
Transforms organized into mineral 
matters. 


, A Veoetable 

is 

An apparatus of reduction or deoxi- 
dation. 

Is fixed. 

Reduces carbon. 

hydrogen. 

' „ ammonium. 

I Fixes carbonic acid. 

I „ water. 

„ oxide of ammonium. 

: „ azote. 

' Produces oxygen. 

„ neutral azotized matters, 
fatty matters. 

„ amylaceous matters, gum, 

' arul sugar. 

: Absorbs heat. 

: Abstracts electricity, 
j Derives its elements from air and earth. 

I Transforms mineral into organized 
matters. 


49(). The various functions of plants are under the control of vital 
forces, the nature of which is unknown to us. No doubt we can trace 
tlie operation in vegetables of certain chemical and physical laws, 
hut these are regulated in their operation by the vital powers of the 
organism. Although we can trace the absorption of certain uriorga- 
nizcfl matters, and can ascertain by chemical means certain of the 
changes which they undergo in the course of their progress, still we 
have not been able to detect the mode in which these changes are pro- 
duced by the vegetable ti.ssues, nor the process by which the various 
vegetable protlucts are secreted and deposited. When the clieinisl. 
tells us tlnat carbonic acid, water, and ammonia, form the organic 
tissues of plants, he does not pretend to explain the mode in which 
these materials are transformed by the jdiysical and vital powers of the 
plant into the different organs. The chemist has dom* much, howovci*, 
to advance the science of physiology, more especially as regards the 
nutrition of plants, and his researches have, in an especial manner, 
been productive of the happiest results in regard to the practice ol' 
agriculture. The knowledge of the composition of plants and of 
the soil has led to great improvements in culture, and to the judi- 
cious employment of manures of various kinds, (chemistry and Pliy- 
siolog)" must go hand in hand in the iiivestigalion of the functions of 
l>lant life. 

497. Dr. Chirpenter has recently hazarded the conjcctuie, that a 
living })lan1 lias not merely the power of wiihdrawing materials from 
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the unorganized world around it, but that it also can act on heat, 
light, and electricity, in such a way as to convert them into vital 
forces ; and that the disintegration of the living structure, while it 
gives back solid and gaseous matters to the soil and air, also restores 
those imponderable agents to the universe.* In speaking of heat from 
this point of view. Dr. Carpenter states that he does not regard it 
as the vital principle or as identical with vital force ; nor does he 
recognise the possibility that any action of heat upon unorganized 
elements can of itself develqpe an organized structure. There must 
be the pre-existence of a living organism, through which alone heat 
can be converted into vital force. “Starting,” he says, “with the 
abstract nature of force as emanating from the Creator, we might say 
that this force, operating through unorganized matter, manifests itself 
in electricity, magnetism, light, heat, chemical affinity, and mechanical 
motion ; but that, when directed through organized structures, it effects 
the operations of growth, development, chemico- vital transformation, 
and the like.” “ Plants form those organic compounds at the expense 
of which animal life (as well as their own) is sustained, by the decom- 
position of carbonic acid, water, and ammonia ; and the lights by whose 
agency alone Ihese compounds can be generated, may be considered as 
metamorphosed into the chemico-vital affinity by which their com- 
ponents are held together. The heat which plants receive, acting 
through their organized structures as vital force^ serves to augment 
these structures to an almost unlimited extent, and thus to supply new 
instruments for the agency of light and for the production of organic 
compounds. Supposing that no animals existed to consume these 
organic compounds, they would be all restored to the unorganized 
condition by spontaneous decay, Avhich would reproduce carbonic acid, 
water, and ammonia, from which they u ere generfited. In this decay, 
however slow, the same amount of heat would be given off as in more 
rapid processes of combustion ; and the faint luminosity which has 
been perceived in some -vegetable sul)stances in a state of eremacausis, 
makes it probable that the same is true of light. And though the 
process of decay may be prevented or modified, so that the whole or a 
part of the materials of vegetable structures are disposed of in other 
ways, yet whenever they return to the condition from which they were 
at first withdrawn, they not only give back to the inorganic world the 
materials out of which they were formed, but the light and heat to 
which theii* production W7is due. Thus, in making use of the stores 
of c.oal which have been prepared for his w^ants by the luxuriant flora 
of past ages, man is not only restoring to the atmosphere the carbonic 
acid, the water, and^ the ammonia, which it must have contained in 
the carboniferous period, but is artificially reproducing the light and 
heat wdiich w'ere then expended in the operations of vegetable growth. 
That the relative proportion of the light and heat thus restored should 

* (’arpenter on Ihr inulual relation of vital and pliysieal forecs, Phil. Trans, for 1850, p. 727. 
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be the same as that which they originally bore to each other, is by no 
means necessary; since each (according to Professor Grovers views) 
is convertible into tlie other. In the few cases in which motion is 
affected by the Adtal force of plants, this may be considered as restor- 
ing to the inorganic universe a certain measure of tlie force which 
they have derived from it, in the form of light and he&t.'^ 

498. Whatever may be said in regard to these speculations, there 
can be no doubt that heat and light are powerful agents in promoting 
the vital activity of plants. It is only in connection with a certain 
temperature tliat the various processes of vegetation can proceed, and 
light is required for deoxidation as well as for tlie development of 
nuclei, of chlorophyll, and of the other secretions which are concerned 
in plant-life. 



CHAPTER II. 


CHEMISTRY OF VEOETATION. 

CONSTITUENTS OF PLANTS AND SOURCES WHENCE 
THEY ARE DERIVED. 

499. It is impossible to study the functions of individual cells and 
vessels, or of the entire plant, without knowing their chemical com- 
position, and the sources whence they derive the materials necessary 
for carrying on their vital processes. Hence, before proceeding to 
consider the plant in a state of activity, and as performing vital actions, 
it is necessary to give a general view of the chemistry of vegeta- 
tion. This subject has engaged the attention of many distinguished 
chemists, among whom may lie mentioned Saussure, Hprengel, Davy, 
Liebig, Dumas, Mulder, Doiissingault, and Johnston. The subject 
has assumed importance in an agricultural point of view, and a know- 
ledge of it is essential for carrying on farming operations in an en- 
lightened manner. The theory of manures, and the practical applica- 
tion of them, is intimately connected with the knowledge of the 
composition of plants and of soils. Much has been done lately in the 
way of advancing scientific as well as practical agriculture, and the 
estfiblishment of chemical departments by the Highland and the 
English Agricultural Societies bids fair to advance the farming of 
Britain. 

500. One of the most beneficial aims of chemistry, Daubeny re- 
marks, is to impart greater precision to known and familiar methods 
of culture, by pointing out the causes upon which their efficacy depends, 
and thus to enable the agriculturist to employ greater discrimination 
in their use ; whilst another not less important practical end, is that 
of fiumishing a clue to the discovery of new and economical sources 
for materials of acknowledged utility in husbandry, and of instructing 
us how to preserve in all their integrity the constituents on which 
their virtue depends. The diffusion of scientific information among 
farmers is valuable, not merely as regards the attainment of truth, 
but likewise in the exclusion of error. While it promotes the progress 
of ligricultural knowledge in a right direction, it guards at the same 
time against the evils produced by fanciful liypotlieses. 
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1. ORGANIC CONSTITUENTS OF PLANTS. 

501. The materialB of which the substance of plwitB is com- 
posed are of two kinds, Organic and Inorganic. The organic con- 
stituents form the great bulk of the tissues of plants ; they are 
completely consumed when the plant is burnt ; they are produced by 
living organs alone, and cannot be manufactured in the laboratory 
of the chemist. The inorganic constituents, on the other hand, form 
a small portion of the tissues ; they are incombustible, and remain in 
the form of ash after the organic constituents have been consumed 
by fire ; and they can be produced in the laboratory of the chemist. 
The former may be called the combustible materials produced by 
living plants ; the latter, incombustible materials, found not only 
in plants, but also in the mineral kingdom. Both are derived ori- 
ginally from unorganized matter, and both enter into the composi- 
tion of organized structures in a greater or less degree. The vege- 
table organic constituents are composed chiefly of Carbon (C), Oxygen 
(0), Hydrogen (H), Nitrogen (N).* The inorganic constituents 
are composed of metallic bases in combination with oxygen, acids, 
and metalloids. In the fresh plant there is always a large quan- 
tity of water (H 0). This is removed by drying.f The quantity 
varies in difierent plants — succulent and fleshy species containing a 
larger proportion of water than those which are dry and hard. It has 
been found that 100 lbs. of the following crops, in their ordinary fresh 
state, lose by drying at 230® F., the following quantities of water, on 
an average : — 


Peas lose of water 
Clover seed . . 
Wheat . . . 
Oats .... 
Rye .... 
Wheat-straw 
Oat-straw . . 


8 lbs. I 

1 Potatoes . . . . 

72 to 77 lbs. 

11 lbs. 

Apples and Pears 

83 to 84 lbs. 

14 lbs. 

Red Beet . . . . 

. . . 85 lbs. 

IS lbs. 

Strawberries and Gooseberries 90 lbs. 

15 Iba. 

Common Homwort 

. . . 90 lbs. 

26 lbs. 

Seakale 

. . . .0211)8. 

28 lbs. 

French Beans and Turnips 93 lbs. 


602. After the plants have been dried so as to remove the water, 
an estimate can be made, by burning, of the relative proportion of 
organic and inorganic matter — ^the former being dissipated by the 
action of fire, and the latter reiqaining in the form of ashes. Bous- 
singault gives the following tabular view of the quantity of Carbon, 
Hydrogen, Oxygen, Nitrogen, or the organic constituents, and of ash 
or the inorganic constituents : — 


* Snlplitur (8)t and F)to«p}joruB (F), also enter into tlic compoeitiuti of Mine of the organic eom- 
pounda of plants. See seetion entitled Azolized coHitituents. 

f Hie resnlU of Boussiitgault^s experiments in regard to the watery contents of plants, sre given 
in the 9d volume of his Xeoneniie rvjralc. See niso Sclilciden*s Principles of Botany, translated hy 
Tisnkester, Appendix, p. MO. 
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. WnxAT. 

Oati. 

1 

1 

1 

1 

Turnips. 

1 

r 

Orabi. 

straw. 

Grain. 

Straw. 

Carbon .... 

464 

48.4 

60.7 

50.1 

46.5 

49.4 

45.8 

^.9 


Hydrogen . . . 

6.8 

6.8 

6.4 

5.4 

6.1 

5.8 

5.0 

5.6 

6.8 

Oxygen .... 

43.4 

88.95 

36.7 

39.0 

40.1 

36.0 

88.7 

42.2 

44.7 

Nitrogen . . . 

2.8 

.85 

2.2 

.4 

4.2 

7.0 

1.5 

1.7 

1.5 

Aflh 

2.4 ! 

7.0 


6.1 

3.1 

2.8 


7.6 

4.0 








i 




This table shows that the quantity of ash is small, and that of the 
organic elements Carbon and Oxygen are the most abundant. The 
relative proportions of the different organic elements, it will be seen, 
vary in Cerent plants, and in different parts of the same plant. Thus 
nitrogen is more abundant in the grain than in the slraw of wheat 
and oats. It is also more abundant in yellow peas and in clover seed, 
than in the cereal grains and hay. Some of the organic vegetable 
compounds consist of Carbon, Oxygen, Hydrogen, and Nitrogen or 
Azote, and are hence called Nitrogenous or Azotized. Others are com- 
posed of Carbon, Oxygen, and Hydrogen, without the addition of 
Nitrogen, and are hence called Nort-Nitrogenons or Unazotized. In 
considering these constituents, we shall make some remarks on the 
elements of which they are respectively formed. 

1. NGN-NITROGENOUS OR UNAZOTIZED CONSTITUENTS AND 
THEIR ELEMENTS. 

503. The organic compounds, denominated unazotized, are im- 
portant constituents of all plants. Some of them, such as cellulose, 
lignine, starch, gum, sugar, and oily matters, are universally diffiised 
over the vegetable kingdom, and have already been noticed when 
the contents of cejj[s were considered (pp. 31 to 34). Others, such 
as vegetable acids, bitter principles, and resins, are more limited 
in their distribution. All of these substances, except cellulose and 
starch, which are organized, and gum, which is amorphous, are crystal- 
line when they can be got in a solid state. Those unazotized matters, 
which are still subject to the law of crystallization, do not take part 
in the formation of tissues. Starch* and cellulose, on the other hand, 
are concerned in the development of the organized parts of plants, but 
in order to effect tl^s, they require the addition of certain azotized 
products as weU some inorganic matters. Cells and vessels cannot be 
formed without the presence of albuminous matter, which contains 
nitrogen and sulphur in its composition, and which cannot be produced 
without the presence of phosphates. The physico- vital energies of the 
plant effect the unicm of carbon, oxygen, and hydrjgpjwi, in different 
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proportions. These elementSf existing in certain states of combination 
in Ae atmosphere, are within the reach of plants^ at all times. 

^ 504. Cofhon enters largely into the composition of plants. It is 
said to form two-thirds of the weight of dried plants in general. This 
snbstance is familiar to us in the form of wood-charcoal, and in its 
purest state it is seen in the diamond. Charcoal is porous, and has the 
power of absorbing soluble gases in large quantity, of separating saline 
and other matters from solutions, and of taking away disag^able 
odours. When combined with two equivalents of oxygen, carbon forms 
carbonic acid (CO 2 ), and it is in this condition that it is taken up by the 
leaves and other parts of plants. Some maintain that this carbonic acid 
is derived by plants entirely from the atmosphere, which contains about 
1-lOOOth of its volume of the gas. The quantity contained in the air, 
although it appears small when compared with the whole bulk of the 
atmosphere, is nevertheless sufficient to supply all the carbon of plants. 
A room 40 feet long, 24 feet wide, and 1 6 feet high, will contain in 
its atmosphere 15 cubic feet of carbonic acid, equal to 28 ounces by 
weight of carbon. The leaves of plants have a great power of absorb- 
ing carbonic acid. Boussingault proved this by passing air contain- 
ing the usual proportion of carbonic acid over a vine leaf. Even by 
coming for a few seconds into contact with the leaf, the air was 
deprived entirely of its carbonic acid. The carbonic acid in the atmos- 
phere is derived from various sources. Amongst the most evident 
of these are — 1. The respiration and transpiration of man and 
animals. 2. The decomposition of dead animal and vegetable matter. 

3. Various processes of combustion on the surface of the earth. 

4. Volcanic action going on in the interior of the earth in different 
countries. 

505. The function of respiration in animals consists in the giving 
out of carbonic acid, or, in other words, the oxidation of carbon, while 
the great function of vegetables is the elimination of oxygen or the 
deoxidation of carbonic acid. The two processes are antagonistic, and 
a balance is kept up between the carbonic acid given off by animals, 
&c., and the oxygen given out by plants. A grcfm person is said to 
give off 3^ lbs. of carbon in a day, and every pound of carbon burnt 
or oxidized yields more than 3^ lbs. of carbonic acid. Wbile active 
volcanoes give out carbonic acid, there are also extinct ones which 
do so. The soil in the country on the Bhine, to the south of Bonn, 
gives out carbonic acid ; and all the waters in that district are charged 
with it. The carbonic acid of coal arises from the decay of vegetable 
matter. 

506. When plants decay they furnish to the soil a large supply of 
carbon in the form of humus or common vegetable mould. This cannot 
be taken up directiy as food by plants, but it is acted on by air and 
moisture, and undergoes certain changes by which a portion of car- 
bonic acid is probably formed. It alw has the power of absorbing 
gases, such aa^^monia, and sulphuretted hydrogen, as well as saline 
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substances, and of making them arailable for the use of plants. Humus 
is transformed into htmuc, geic, and apocrenic acids, and these combine 
with various matters in the soil so as to aid in the nutrition of plants. 
The carbonic acid in the soil, according to Liebig, is not the source 
whence plants derive their carbon. He thinks that it acts chiefly in 
dissolving the carbonates and phosphates of magnesia and lime in the 
soil, and in forming bicarbonates of potash and soda. 

507. Oocygen is another organic element of plants. It is known 
to us in a gaseous state as forming 21 per cent, of the bulk of the 
atmosphere, and as supplying materials for respiration and combustion. 
When one atom of oxygen is combined with. one of hydrogen, water is 
formed, and carbonic acid is the result of the union of one atom of 
oxygen with two of carbon. In its combinalions with metals and 
metalloids, oxygen forms a large proportion of the solid materials of 
the globe. Johnston says, that nearly one-half of the weight of solid 
rocks of the globe, of every solid substance around us, of the houses in 
which we live, of the stones on which we tread, and of the soijs we 
cultivate, and much more than one-half by weight of the bodies of all 
living animals and plants, consist of this elementaiy body.^^ All the 
oxygen in plants seems to be derived from carbonic acid and water. 
No vegetable contains more oxygen than can be accounted for by these 
two sources. 

508. Hydrogen is another element of plants which is known to us 
in the state of a gas. It does not, however, occur free and in a simple 
state in nature. It exists in small quantity in animal and vegetable 
substances, forms l-9th of the weight of pure water, and enters into 
the composition of coal. The hydrogen of plants is derived from water. 
As carbonic acid and water therefore exist at all times, more or less, 
in the atmosphere, it appears that the air is the source whence plants 
procure the carbon, oxygen, and hydrogen, which enter so largely 
into their composition. At the same time, it cannot be denied, that 
these elements also exist in the soil, and may be taken up by the 
roots of plants in the form of carbonic acid and water. 

509. It will be sgen, by the following tabular view, taken from an 
extended one given by Dr. Gregory,* that it is easy to derive the 
non-azotized vegetable products (e.e., the products consisting of carbon, 
oxygen, and hydrogen), from carbonic acid (CO*), and water (HO), 
by a process of deoxidation ; and as this process is constantly going 
on in every plant, by means of which oxygen is given out, we may 
conjecture that it is in this way that the products are formed. In the 
Table it will be perceived, that there are seven groups, forming suc- 
cessive stages in the scale of deoxidation, at one end of which stand 
carbonic acid and water, and at the other the non-oxygenated volatile 
oils ; and it is evident also, that the members of one group may be 
converted into those of the succeeding one by the removal of oxygen, 
with or without the addition of wrater : — 

« Ore jrwry*« Handbook of Organic Chemiftry, p, 480 
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SCniSTAKG£ FaBMSD. 

CarlKmie 
Add used 

Water HIM 
tu 

toatf. 


Name. 



1 

I FormitJa. 

1 

iu £otifni> 
touts. 

touts. 

A. Soluble Vegetable Acids. The Oxygen given of£ is less than diat of 
Carbonic Acid. 

1. Oxalic acid (dry) 

C2 H 04 ... 

2 

1 

1 

2. Gallic acid (cryst.) 

Cr Ha Os ... 

7 

8 

12 

8. Tartaric add 


) 

Gb Ha Oi 2 ... 

8 

6 

10 

4. Malic add 


Cs He Oio ... 

8 

6 

12 

5. Citric add ( 



Ci 2 He Oi4 ... 

12 

8 

18 

6. Meconic acid i 


Cl4 H4 Oi4 ... 

14 

4 

18 

In this group the Oxygen exceeds the Hydrogen, 


B. Mild Neutral Bodies. 

The Oxygen of the Carbonic Add is given off. 

1 

7. Starch 



Ci 2 Hio Oio ... 

12 

10 

24 1 

8. Cane Sugar and Gum 

( CisHiiOit... 

12 

11 

24 

9. Grape Sugar, dry .... 


i C 12 H 12 O 12 ... 

12 

12 

24 

10. Cellulose 


• • 

C 12 He Oe ... 

12 

8 

24 

In this group ike Oxygen and Hydrogen are in ihe proportion to form water. They may j 

he viewed theoretically as composed of Carbon plus water. 


w 

C. Bitter, Acrid, and Coloured Principles. The Oxygen of the Carbonic 

Acid, and 

a part of that of the Water, is given off. 


11. Meconine 



C 10 H 5 O 4 ... 

10 

5 

21 

12. Farietine 


,, 

Cio He O 3 ... 

10 

8 

26 

13. Salidne 



C 26 Hie Oi4 ... 

26 

18 

56 

14. Pectine 


.. 

C 28 S 20 O 26 ... ' 

28 

20 

60 

In this group ihe Hydrogen exceeds the Oxygen. 


D. Fragrant Oxygenated Volatile Oils, and Volatile Adds related to 
them. Still more Oxygen is given off. 

15. Oil of Anise 



C 16 He O 4 ... 1 

16 1 

8 1 

36 

16. Oil of Cinnamon. . 



CisHs O 2 ... 1 

18 1 

S 1 

42 

£. Oily and Fatty Volatile Adds. In these the greater part 

of the 

Oxygen is given off both . from the Carbonic Add and from the Water. 

17. Valerianic add .. 



C 10 H 10 O 4 ... 

10 

10 

26 

38. (Enanthylic add 



Cl4 Hi4 O 4 ... 

14 

14 

88 

19. Myristic add...... 



C 28 H 28 O 4 ... 

28 

28 

80 

20. Basde add 



CaeHseOa ... 

86 

86 

104 

21. Melisdc add ...... 



Ceo H 0 O O 4 ... 

60 

60 

176 
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SUBSTANCES EOBMEl). 

Carbonie 
Aoidvsed 
in Eqtnva- 
lente 

Water used 
in Eqidva>- 
lei^ 

Oxygen 
•eparated 
In Eqmva- 
lenta. 

Name. 

Eonoula. 

F. Besins and Camphors. 

In these very little Oxygen 

is left. 


22. Many resins 

C 10 H 7 0 ... 

10 

7 

26 

23. Camphor 

CioHs 0 ... 

10 

8 

27 

24. Borneo Camphor 

C20ni8O2 ... 

20 

18 

56 

25. Many resins 

C 20 HU 02 ... 

20 

14 j 

52 

G. N'on-Oxygenated Volatile Oils. No Oxygen left. 



26. Oil of Lemons, &c. 

C6 H4 

5 

4 

14 

27. Oil of Turpentine, &c. 

Cio Hs 

10 

8 

28 

28. Oil of Jumper, &c 

C 16 Hi‘2 

15 

12 

42 


510, By examining the table, it will be seen that we can procure 
various vegetable products in succession from carbonic acid and water 
by a constant loss of oxygen. Beginning with oxalic acid, for instance, 
we procure it from tvo equivalents of carbonic acid and one of water, 
with the loss of one equivalent of oxygen ; — 

Thus two equivalents of Carbonic Acid = Cg O 4 

One equivalent of Water = HO 

C 2 H O 3 

and taking away one of oxygen, we have C 2 H O 4 an equivalent of 
oxalic acid, which exists in combination with lime and potash in 
many plants, such as Khubarb, Rumex acetosa and Acetosella, Oxyria 
reniformis, and Oxalis Acetosella. By a still farther separation of 
oxygen, we account for the formation of tai*taric acid in the grape 
and tamarind ; malic acid in the apple and gooseberry ; citric acid in 
the orange, lemon, lime, and red currant ; gallic acid in the seeds of 
the mango ; meconic acid in the opium poppy, and so on. As the loss 
of oxygen is greater, we pass from acids to neutral substances, such as 
cellulose, starch, gum, and sugar, which are very abundant products of 
plants (pp. 31 to 34). In them the oxygen given off is equal to that 
in the carbonic acid. These neutral substances seem to be steps in the 
scale between the acids and other vegetable products. Sugar may also 
be derived from any of the acids by addition of water and separation of 
oxygen. Thus, citric acid, Cia Hs O14 + 4 H 0 — Oe = C 12 H 12 O12 
or diy grape sugar. Again, cellulose, of which the membrane of cells and 
vessels is composed, may be derived from grape sugar by losing a cer- 
tain proportion of water. By a still further deoxidation, we arrive at 
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Litter, acrid, and coloured or e<doiiriiig siiLstauces, as rneeoiuiie in opium, 
salicine in Willows, and pectine in pulpy fruits ; next we reacli fra^^raut 
oxygenated volatile oils, as oils of Cinnamon and Anise ; then volatile, 
oily, and fatty acids, as valerianic acid in Valerian and ViLuniuin 
Opiilus, Hiyristic aci<l in Nutmeg, Lassie acid in the Lutter-tree of Africa, 
and melissic acids in plants yielding wax ; then resins and camphors 
found in many coniferous plants, in the Camphora officinarnm, and 
DiyaLalanops C^imphora; and, fijially, to carLo- hydrogens, in uhich 
there is no oxygen, as oils of lemon, turpentine, and juniper. 


2 NITROGENOUS OR AZOTIZED CONSTITUENTS, AND 
THEIR ELEMENTS. 

511. Another class of suLstanccs found in the tissues of plants, and 
essential to the procc'ss of v(‘getation, consists of carLon, hydrogen, 
oxygen, and nitrogen (N), with the addition of sntj}linr (S), and alka- 
line or earthy phosphates. They are commonly called Nitrogenous or 
Azotized or Azoto-sulphurized suLstances.* Some authors include them 
under the general name oj‘ Minais or Frotojdasm. *1110 constiluents of 
these organic matters are known by the names of ^egetaLle alLumen, 
fiLrine, and caseimn 'Fhe g(‘n<*ral name of gluten is given to the 
glutinous part of vheat which remains after the stiirch and soluLlt* 
constituents of the gi*aiu have been renio\ed. T'his gluten consists 
usually of fiLrine and alLumen. Wh(‘at contains from 8 to 2 4 j)i‘r 
cent, of gluten ; barley 3 to 6 ; oats 2 to 5. 

512. Nitrogen enters largely into the composition of the tissues ol 
animals, and hence it must be supplied to tlami in their food. With- 
out the presence of azotized compounds, no blood nor muscle can be 
fonned. Hence the quantity of these compounds in plants, along with 
jdiosphates which form bone, indicates their blood -foiming or sangui- 
genous value. Nitrogen is known to us as a gas forming 79 volumes 
per cent, of the atmosphere, and moderating the elTeet of oxygen on 
all oxidablc bodies. Like hydrogen, it is sparingly soluble in water. 
It enters into combination with hydrogen, andfonns ammonia, composed 
of 1 efjuivalciit of nitrogen and 3 of liydrogen (NII^). Ammonia is 
given off during the decay of animal tissues, in tlK‘ form of a pungent 
vapour, which is readily absorbed by water, and also in combination 
with other substanc(*s, such as carbonic acid and sulphuretted hydro- 
gen. Idle nitrogen of the air ma} also, as some think, c‘ombine w ith 
hydrogen in the soil, and forai ammonia. The presence of ammonia 
in the atmosphere w'as determined by Saussuix* in 1806. M. Ville 
has recently, stated that the nitrogen of the air is assimilated by plants, 
but his observations have not been confirmed.”!* Daubeny, for in- 

* Luhig on the n/oti/td nutritive piinciplcg of plants. -Annalen der Clicniie und Phnrmacic, Aup 
IMl, translated in Taylor s Scientific Memoirs, \ol. iii 241. 
i See Ville’s remarks in Cornplf s Rendus foi IHVi. 
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stance, does not believe in the assimilation of* the* nitrogen of the air 
by plants. 

513. The atomic composition of these azotized matters is by no 
means fully ascertained. 'I'he following, according to (Gregory, is their 
approximative composition : — 



C. 

11. 

N. 

s. 

0. 

Total Atoms. 

Albumen 

216 

169 

27 

2 

68 

482 besides phosphates. 

Fibrine 

, 210 

169 

27 

2 

68 

482 besides phosphates. 

Caseine 

. 288 

228 

36 

2 

90 

544 besides phosphates. 


All these substances are sanguigenons or blood-forming, and they are 
all putrescible. Fibrine coagulates spontaneously, albumen coagulates 
by heat, and caseine by acids. Vegetable albumen is isomeric with the 
albumen of blood and tlie fibrine of muscles. The albumen of eggs 
differs in having tliree in })lace of tw^o atoms of suli)hur. Fibrine acts 
as a ferment, and converts starch into sugar ; in this state it has 
sometimes received the name of diastase, which, however, is not a dis- 
tinct substance, (\iseine also acts as a ferment and converts sugar 
into lactic acid. Tlie emulsine of Almonds and the emulsive body in 
Mustard, appear to b(* varieti(*s of caseine. Leguminous seedsj such 
as peas, grown in dark cellars, according to Liebig, contain much 
asparagine, a nitrogenous substance derived from malic acid and am- 
monia by the loss of hylrogen and oxygen — caseine in this case acting 
as a ferment. It appears that these nitrogenous matters are concerned 
both in geiinination and in the jn’oeess of vegetation. 

514. In order that this azotized matter may be formed, plants 
must have a supply of nitrogen as w’ell as sulphur and phosphate's. 
The tw'o latter are derived from the soil, in the form of soluble 
com])onnds of sulidiunc and phosphoric acids, while the former is de- 
rived, according to Tiiebig, not from the nitrogen of the an-, but 
from the ammonia diffus(‘d through it. This ammonia constitutes (uily 
l-10,0()0th of the bulk of the air at the ntuu)st ; it is usually niucli 
less. Dr. Anderson sa}s 100 lbs. of atmospheric air contain 77 lbs. 
of nitrogen, and not more thaji ^ of a grain of ammonia. Still tliis 
has been shown to be sufficient for the supply of nitrogen to plants. 
Ammonia is returned to the air during the pn>cesses of putrefaction 
which go on in dead animals and plants, as well as in the excreta of 
tlie former, such as the urine. It is also yielded by transiuratioti. 
Thus ammonia is continually sent into the atmosphere, and by the coii- 
stiuit movement of the air the supply is diffused. Ammonia is also 
absorbed by the S(ul, and may thus be rendered available for the use 
of plants. It is knowm also that in some instances volcanic action 
gives rise to the formation of {immonia. 

515. Daubeny believes that the ammonia, as well as the carbonic 
acid which formed the food of the first plants, was produced, not 
by processes of animal decay, but by sueli as were proceeding within 
the globe prior to the creation of living beings, and that the disengage'- 
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raent of both these compounds has been gom<^ on slowly and continually 
from the earliest period to the present time. While the evolution of 
carbonic acid indicates perhaps nothirif^ more than the operation of sub- 
terranean heat, the escape of atmospheric air deprived of a porlion of 
its oxygen seems to imjdy tliat the heat originates in internal combus- 
tion, by wliieli oxygen is absorbed ; and the disengagement of ammonia 
may lead us to presume that this combustion is connected with the 
decomposition of Avater, whicli alone can be supposed to sup])ly the 
hydrogcMi necessary to form the ammonia with nitrogen. Volcanic 
action may, he says, cause nascent liydrogen under great pre^ssure to 
be brought into contact with nitrogen, and tlius produce ammonia. 
He considers the supply of these substances as due to the etfect of vol- 
canoes. The eminent fertility of the soil near Naples is to be attri- 
buted, he tliinks, not iiierely to alkalies present in the volcanic material of 
wliich it is made up, but also to the sIoav disengageunent of ammoniacal 
salts as AAxdl as carbonic acid from crevices in tlic mountain. Tliese, 
by furnishing nitrogen and carbon, snpers(‘d(‘ in some degree the neces- 
sity for animal manure. The soil in this favoured h[)o1, the Terra del 
T^avoro, no doubt also contaijis a portioii of cart liy phosphates, and thus 
may yield an uninterrupted succession of corn crops, repeated as often 
as llie disintegration of the suhstratum permits, so long as the volcanic 
processes in progr(‘ss iKmeatli it eontiiUK* to send forth volumes of the 
gases alluded to. The superior quality of the Avlieat grown in this part 
of (hnnpania may, perhaj)s, be tbouglit to confirm such a conjecture. 
It would ai)pc‘ar tliat the Hour of wann climates in general, contains 
more gluten than that of colder ones, perhaps because beat jmmjotes 
the decomposition of organic matter, and consequently rendcTs the 
snj)])ly of ammonia more abundant ; and to this circumstance its supe- 
rior filu(‘ss for the manufacture of macaroni is attributed. 

51 G. Others lliink that part of the nitrogen of plants is derived 
from nitric acid and nitrates, and tin’s vi(‘Av is gaining ground. Nitric 
acid is produced during thunder storms, and in llie rain wliicIi falls during 
these storms this acid has been detected in small (piautilies. The nitric 
acid in these instances juobably proceeds m)l only IVom a eombinalion 
between tlie nitrogen and oxygen of tlie air, but also fi‘om a combi- 
nation between the ammonia and oxygen. The minute quantity of 
nitric acid and nitrates in some springs may also supply nitrogen. Idie 
nitric acid in tliese instances appcx-irs to jiroceed from the (lc(‘ay of 
animal matter, and from the oxid«ilion of ammonia. M. Ilarnd has 
recently showm tliat nitric acid exists in considiu-able quantity in rain 
water. In the rain guages of the Paris Observatory be found that 
llie moritlily averag(* (piantity of nitric acid w'as 294 grains in a cubic 
metre, Avbile that of ammonia was only 55.7 grains. Rain w’ater is 
thus shown to be an important source of nitrogen for plants. 

517, All the azotized matters to wliieb we have alluded are formed 
by a process of deoxidation from carbonic acid (C^^Og), water (HO), 

* A m Ire is equal <o liLt 
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hydrated ammonia (NHsHO), nitric acid (NO 5 ), and sulphuric acid 
(SO 3 ). They all contain much less oxygen than is necessary to con- 
vert their hydrogen into water, their carbon into carbonic acid, and 
their sulpliiir into sulphuric acid. They are never found alone in plants, 
but generally two of them together. I'hey cannot exist without tlie 
presence of phosphates. Hence the ashes of plants are in part derived 
from the sanguigenous matters, such as albumen and fibrine, which 
enter along with cellulose into the composition of the cell-walls. 

518. The first nitrogenous compounds which are formed in the 
plant, according to Dr. (Gregory, are amides, such as malamide (aspa- 
ragine), which appeal’s in great abundance in the first >oung shoots of 
the Leguminoscp^ and in etiolated (blanched) plants, such as asparagus 
and peas or vetches grown in the dark. It is formed from malic acid 
and ammonia (malate of NH^), by the separation of two ecpiivalents 
of water. In the same w ay many other amides are, in all probability, 
also formed. The next class of nitrogenous substances are the alka- 
loids. We cannot yet trace the actual formation of these in the plant; 
but w’c hav(‘ reason to think that they are formed in dif((*rent w a} s. They 
may, how^(‘ver, be foniied from carbonic acid, w'ater, and ammonia, or 
nitric acid, by separation of oxygen. Tlie next class of nitrogenous 
compounds is the oils containing nitrogen and sulphur, of which oil of 
mustard is the best knowm ; and the last class is the sanguigenous 
bodies, vegetable albumen, fibrine, and caseine, which contain both 
nitrogen and sulplnir as well as jihosphates. Supposing tliew* to be 
directly formed from th(‘ food of plants, they may be produced from 
carbonic acid, whaler, and ammonia, by separation of oxygen. 

519. The latter bodies may also be formed from dry grape sugar, 
ammonia, and sulphuric acid. The following table by (Jregory,^’ 
show's that the various azotized substances in plants may be foraied, 
like the non-azotized, from the materials used for their food, by a 
constant process of deoxidation : — 




C’02 

HO 

mh 

0 

SUHSTAXCE FORMED, 

lOKMULA. 

nsi'il in 
l^qun a- 

used in 
Eauiva- 

used 111 
Eqiin a- 

otl in 
Eqn va- 
lents. 



leiits. 

Icnts. 

leuts. 


Amidfp. 





Malamide (asparagine)... 

Cs N 2 IIio Os 

8 

4 

2 

12 

Amygdaline 

C 40 N 1 127 U 22 

40 

24 

1 

82 


Ba.si s. 





Morphine 

Cs5 N 1120 Og 
C 44 N 2 II 22 04 


17 

1 

81 

Strychnine 

44 

16 

2 

106 

Quinine 

C 20 N II 12 Oo 

20 

9 

1 

43 

Caffeine 

C 16 N 4 IIio Oi 

16 

0 

6 

28 

Nicotine 1 

CioN Hs 

10 

8 

1 

28 

Coniine 

CicN Hie 

16 

16 


48 


Sec Grccorj’fe Handboolv of Organic Chemistry, p 472 
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These azotizcd or uitrogeiiized compounds contain nitrogen without 
sulphur, and they may ho formed from acids or sugar acting on am- 
monia with deoxidation — the acids or sugar having been previously 
formed from carbonic acid and water by deoxidation. The next class 
of nitrogenous compounds is that of the oils containing nitrogen and 
sulphur, of which oil of mustard is the best known. To understand its 
formation, we must explain that of oil of garlic, which contains sulphur, 
but no nitrogen : — 




C02 

S()8 

no 

NHs 

0 

SUBSl'YNCE FORMED. 

FORMULA. 

used m 
Equiva- 

used in 
Equiva- 

used in 
Equiva- 

used m 
Equiva- 

pivcuoff 
in Equi- 



lent 8. 

Icnts. 

leiits. 

Icutb. 

valent 8. 

Oil of Oarlic (siil-^ 
phuret of Allylc)^ 1 
Oil of Mustard) i 
(sulphocyanidc ofS 

C« llo S 

6 ' 

1 

5 

1 

20 

Ca N IIs Sa 

8 

2 

2 

1 

24 

Allylc) ) 








Tlie last and most complex of the nitrogenous ])odi(*s are the allmminous 
or sanguigenous com])uunds, vegetable albumen, fibrine, and caseine, 
which contain 1)otli nitrogen and sulphur. Their fonnuhe lifive already 
heeii given in an approximate manner. Sup})osing them to he directly 
dei'ived from tlie food of plants, they may be iumied thus : — 




ro2 

no 

mu 

S()3 

0 

SUBSTANCE 

lORMULA 

ust-d m 

used in 

nsrd m 

used m 

^iven off 

l-ORMEI) 

Equua- 

Equiva- 

Equiva- 

Equiva- 

in rqui- 



Icnte. 

If'lltS 

leiits. 

l(‘Qt9. 

valcnts 

1 Albumen and ) 
Fibrine ... \ 

C IT N S 0 
21C 1G9 27 2 68 

21G 

88 

27 

2 

454 

Caseine 

288 228 30 2 90 

288 

120 

no 

2 

612 


520. Tlie value of plants, as food for man and animals, depends 
chiefly on the organic matter contained in them, and more especially 
on the amount of nitrogenous compounds, wliich, hovever, arc always 
associated witli the alkaline and earthy phosphates so indisiiensable to 
the growth of all animals. Tin* following table of analyses by Dr. 
I^yon Playfair gives the amount of organic matter in different articles 
of vegetable food : — 
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ARTICLES OF FOOD. 

Dry Organic 
Matter, or Real 

The Portions subtracted as 
useless are — 

Food. 

Water. 

Ashes. 

1 



Lbs. 

Us. 

100 lbs. of ordinary hay contain 


K) 


ij 

Linseed cake .... 

75J 

17 

H 


Peas 

80J 

16 

H 


Beans 

«2j 

14 

H 

jy 

Wheat straw .... 

79 

18 

3 

yy 

Barlcymeal 

82i 

15J 

2 

yy 

Oatmeal 

89 1 

9 

2 

yy 

Bran 

81 

14 

5 


Oats 

79 

18 

3 

yy 

Lentils 

81 

16 

3 

yy 

Potatoes 

27 

72 

1 


Red beet 

10 

89 

1 1 

yy 

Turnips 

10 

89 

1 

yy 

Swedes 

14 

85 

1 

yy 

White carrot .... 

12 

87 

, 1 

yy 

Mangold wurzel . . j 

1 

10 

89 

1 


J^'romUerg, taking ijito account the nitrogenous matter chiefly, gives 
the following comparative values of difierent articles of vegetable 
food : — 


Beans 
l^eas . 
Oats . 
Wheat 


100 

80 

75 

70 


Rye 

Barley . 
Potatoes 
Rice 


50 

45 

36 


521 . Dr. Anderson has made cx})erimcnts on the nutritive values of 
tlie most important kinds of food used for cattle. In these experiments 
the j)roporlions of nitrogen and oil, which are by far the most valuable 
of the nutritious elements, have been selected as the means of com- 
parison, as will be seen in the following table : — 


In a Ton of 

Nitrogen. 

Oil. 

In a Ton of 

Nitrogen. 

Oil. 

Linseed, English 

i)7 lbs. 

777 lbs. 

Peas 

. 77 lbs. 

29 lbs. 

„ Foreign 

76 „ 

7J5 „ 

Oats 

• 60 „ 

yy 

Oil Cake 

KW „ 

224 „ 

Barley 

. 42 „ 


Pop])y Cake . . . 

110 „ 

129 „ 

Oat Bust .... 

. 27 „ 

89 „ 

Rape Cake . . . . 

10.-, „ 

223 „ 

Turnips 

. 41 „ 

7 „ 

Beans 

85 „ 

32 „ 

Bistilleiy Dratf . 

. 5^ oz. 

yy 


All tlieso are what may be called oleaginous foods, but there are also 
others, in which the quantity of oil is deficient, but in which there is 
abundance of nitrogen and of starchy and saccharine matters. Beans 
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and peas are the most important and valuable of these, and after them 
follow oats, barley, and the other grains. 

522. Thus we have considered the most important elements which 
enter into the composition of the nitrogenous and non-nitrogenous organic 
constituents of plants. They can be derived from the atmosphere in the 
form of water, carbonic acid, nitric acid, and ammonia, and they may 
be termed tlie atmospheric food of plants. 'Jdie soil, however, contri- 
butes in a certain degree .to the formation of these organic matters, 
more especially by supplying sulphuric acid and phosphates. Bous- 
singault, Wiegmann, and Polstorlf, found that plants placed in a soil 
deprived completely of all organic matter, continued to grow for some 
time deriving their organic constituents from air and distilled water. 


II. INORGANIC CONSTITUENTS OF PLANTS. 

.523. The terrestrial or telluric food of ]>lants, as it is termed, consists 
ehietiy of certain iuorganic matters, the ainonnt of which is ascertained 
by tin* ash left after hurning. While the organic constitiumts of plants 
ar(‘ d(\stroyed l)y a high temperature, and undergo decay under the 
agency of moisture and warmth, the inorganic constituents are incom- 
hiistilde, and do not undergo the putrefactive process. There are at 
least 12 inorganic elements which enter into the composition of plants: — 

Sulphur, S, as Sulphuric acid, SO3. Chlorine, Cl, in combination with 
Phosphoru‘<,P,a‘? Phosphoric acid, PO.7. * metals. 

Silicium, Si, as Silicic acid, SiOa. ' Iodine, I, do. do. 

Calcium, Ca, as Lime, CaO. Fluorine, F, do. do. 

Magnesium, Mg, as Map^esia, i^IgO. Iron, Fo, in combination with oxygen, 
Potassium, K, as Potassa, KO. j Fe2t>3. 

Sodium, Na, as Soda, NaO. Manganese, Mn, do. MnO. ^ 

Alumina (Al 2 () 3 ), the scsqnioxidc of Aluminum, wliich has been noticed 
by some authors as another inorganic constitiKoit t)f plants, seems to be 
an accidental ingredient, being sometimes prestait, and at other times 
absent. Mr. Stevenson Macadam has leccntly obtained indications of 
the presence of Bromine (Br.) in planth.*^* 

.524. The quantity of inorganic matter in jdaiits is small when 
compared with the organic constituents. It is nevertheless essential 
to tJie life and vigour of plants. The cell-walls cannot be formed 
without inorganic matters, and some of them enter into the composi- 
tion of the azotized suhstaiices foimed by plants. Thus sulphur and salts 
of phosphoric acid are necessary for the formation of alhum(*n, hhrine, 
and caseine. In some rare instances of plants forming mould, no ash 
has been detected. 

525. The quantity of ash left by 100 parts of the following plants 
is thus given ]>y Johnston : — 

* KdinSurph New Philosophical .lournal, u)l. Im p .'121 
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Grain. 

Straw. 


Grain. 

Straw. 

Wheat . . 

1.2 to 2.0 

3.6 to 18.6 

Rye .... 

1.0 to 2.4 

2.4 to 5.6 

Barley . . . 

2.3 to 3.8 

5.2 to 8.5 

Indian Com 

1.3 

2.3 to (i.6 

Oats . . . . 

1.6 to 2.8 


Field Peas 

2.6 to 3.0 

4.3 to 6.2 


Wood. 

Leaves. 


Wood. 

I weaves. 

Larch . . . 

0.33 

6.0 

Birch . . . . 

. . . 0.34 

5.0 

Scotch Fir 

0.14 to 0.19 

2.0 to 3.0 

Elm 

. . . 1.88 

11.8 

Beech. . . 

0.14 to 0.60 

4.2 to 6.7 

Ash 

... 0. 4 to 0.6 

Poplar . . 

1.97 

9.2 

Oak 

. . . 0.21 

4.5 

Willow . . 

0.45 

8.2 





Tims the quantity of inorganic matter in the same weight of different 
crops varies. It will be seen, for instance, that the grain of barley 
yields more ash than wheat or rye. The quantity of inorganic matter 
also in different parts of the same plant varies, as seen in the grain and 
straw of cereal grains, and the wood and leaves of trees. 

526. It would a])pear by the following statements by Johnston, 
that the nature of the soil has a marked influence on the amount of 
inorganic matter in the plant : — 

A, Analyses of Oats grown in different soils, as respects the quantity of ash. 





Straw. 

Grain. 

On Aberdeen Granite, crushed 


9.57 per cent. 

3.42 

On Clay Slate, 

do. 


7.85 „ 

3.51 

On Greenstone, 

do. 


7.88 „ 

2.25 

On Limestone, 

do. 


10.18 

3.88 

On Chalk, 

On Gypsum, 

do. 

, 

9.3C „ 

3.16 

do. 


5.83 „ 

3.22 

On Siliceous Pit Sand 



0.37 „ 

2.91 

On Blue Tile Clay 



9.21 „ 

3.27 

On Light Loam 



8.79 „ 

3.06 


B. Analyses of Vine Twigs as grown in different soils, showing the compara- 
tive quantities of diffticnt inorganic matters. 



*^oil of riimary RotUs. 

Mountain Limestone 

M iu.i Slate. 

Potash 

34.13 

24.93 

26.41 

Soda 

8.03 

7.31 

8.79 

Lime 

32.67 

37.59 

33.47 

Magnesia 

4.66 

7.12 

9.16 

Oxide of Iron . 

0.16 

0.24 

0.19 

Phosphoric Acid 

16.35 

19.56 

16.87 

Sulphuric Acid 

2.16 

2.37 

2.44 

Chlorine 

0.50 

0.35 

0.25 

Silica 

1.45 

0.62 

2.48 


100.11 

100.08 

100.06 


527. The following are given by Johnston as the mean of experi- 
ments by difibrent chemists in regard to the inorganic constituents 
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of 100 parts of some of the cultivated plants and trees. Alumina is 
left in the list, although it may be considered as an accidental ingre- 
dient : — 


A. Inorganic Matter in some of the Cereal Grains. 


INOllGANIC CONSTITUENTS. 

Wheat. 

Baulet. 

Oatb. 


Grain. 

Straw. 

Gram. 

Straw. 

Gram. 

Straw. 

Potash 

2.3.72 

12.44 

13.()4 

G.31) 

2G.18 

(19.14 

Soda 

9.05 

0.10 

8.14 

0.6l| 

t 9.69 

Lime 

2.81 

6.70 


9.53 

5.95 

8.07 

Magnesia 

Oxide of Iron and Man- ) 

12.03 

3.85J 

7.4G 

3.22 

9.9.5 

3.78 

gancse J 

0.C7 

1.30 1 

1.48 

0.83 

0.40 

1.83 

Phosphoric Acid .... 

49.81 

3.07 ; 

38.93 

3.08 

43.84 

2.5(5 

Sulphuric Acid 

0.24 

5.82 

0.10 

1.63 

10.45 

3.26 

Chlorine 

0.00 

1.09 

0.04 1 

0.97 

0.26 

3.25 

Alumina 

0.00 ' 

0.00 ' 

0.2 J 1 

1.39 

O.OG 

0.00 

Silica 

1.17 ^ 

05.38 

27.10 1 

70.58 

2.G7 

48.42 ^ 

i 

99.50 

99.78 , 

1 

99.72 1 

98.15 

1 

99.76 

100.00 1 


B. Inorganic Matter in some Cultivated Field Plants. 



Fifu) BEA^. 

1 

E ' ►* 
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« 

^ s 

'S 

u 

'T3 


Secdi. 

straw 

3 

s 

O 1 2 

^ I 




H 

p- 1 rt 

tS 

Potash ... 

33.56 

53.08 

1.60 

41.96 

5.09 

5.'3.7r)! 8.03 
1.86 2.17 

•7/; *7 

Soda 

10.60 

7.07 

Lime 

5.77 

10.99 

13.00 

2.07 6.50 

37.09 

Magnesia 

7.99 

6.6J) 

5.34 

5.28) 4.01 

4.45 

Alumina 

I 

1 


( 


Oxide of Iron 

(>.56 

0.22 [ 

1.28 

0.52, 0.36 

0.20 

Do. Manganese i 

) 

* 0.1 o3 


1 


Phosphoric Acid .... 

37.57 

7.24 

7.58 

12.57' 12.51 

8.80 

Sulphuric Acid 

1.00 

1.09 

13.60 

13.65! ... 

5.98 

Chlorine 

0.73 

2.56 

3.60 

4.27I ... 

4.86 

Silica 

1.15 

7.05 

7.95 

4.23 64.57 

4.85 


9^.93 

100.00 

100.00 

100.2()| 98.15 

100.00 1 
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C. Inorganic Matter in the Wood and Bark of different Trees. 


INORGANIC CONSTITUENTS. 

Oak Wood. 

Beech Wood. 

Elm. 

Lime Tree. j 

Wood. 

Bark. 

Wood. 

Bark. ] 

Potash 

8.43 

15.83 

21.92 

2.22 

35.80 

lO.uj 

Soda 

5.65 

2.88 

13.72 

10.09 

6.03 

5.69 

Lime 

75.45 

63.33 

47.80 

72.70 

29.93 

00.81 

Magnesia 

4.49 

11.29 

7.71 

3.19 

4.14 

8.03 

Oxide of Iron 

0.57 

0.79 

0.88 

0.62 

7.97 

1.23 

Phosphoric Acid 

3.46 

3.07 

3.62 

1.79 

4.84 

4.01 

Sulphuric Acid 

1.16 

1.35 

1.28 

0.02 

5.30 

0.74 

Chlorine 

0.01 

0.14 

... 

... 

0.89 

1.33 

Silica 

0.78 

1.32 

3.07 

8.77 

5.26 

2.27 


100. 

100. 

100. 

100. 

100.10 

100.25 


528. Tlic comparative results of such analyses are well seen in 
the following table by Johnslon, by an examination of which >\e can 
detect the characteristic and predominating ingredients in certain 
plants : — 


NAMES OF rL.VNTS. 

Potash and 1 
Soda. ' 

1 

Lime j 

1 

M 

Magnesia. 

u 

C 

Xi 

pi 

Sulplmnc j 
Acid. ^ 

1 

1 

Silica. ' 

1 

Wheat 

33 

3 

12 

59 

0.25 

1 

Barley 

22 

3 

7 

39 

0.10 

27 

Oats 

26 

0 

10 

44 

11 

3 

Hye 

34 

5 

10 

50 

1 

0.4 

Maize 

33 

1 

10 

45 

3 

1 

Rice 

30 

1 

12 

53 

0 

3 

Beans 

44 

6 

8 

38 

1 

1 

Peas 

44 

5 

8 

33 

4 

0.51 

Wheat Straw 

13 

7 

4 

3 

0 

05 i 

Barley do 

7 

10 


3 

2 

71 I 

Oat do 

29 

8 

4 

3 

3 

48 1 

Rye do 


1 9 

2 

4 

1 

1 i 

Maize do 

1 35 

8 

7 

' 17 

1 

28 

1 

Rice do 

14 

0 

5 

1 

4 ' 

74 

Bean do 

55 

20 

, 1 

7 

' 1 

7 1 

Pea do 

5 

55 

t 

5 

7 

20 1 

Red Clover 

, 30 

33 

1 ” 

8 

3 

1 

1 7 
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NAMCS OF PLANTS 

'a 

cS 

1 

Magnesia. | 
1 

Fhospbonc i 
Acid. 

Snlphnnc 

1 Acid. 

Sibca. 

Potatoes 

57 

2 

5 

13 

14 

4 

Turnips 

47 

14 

5 

8 

14 

8 

Beet 

50 

9 

5 

8 

2 

10 

Cabbage 

32 

21 

6 

12 

22 

0.74 

Potato ITaulin 

44 

17 

7 

8 

7 

4 

Turnip do 

34 

23 

3 

9 

13 

1 

Elm Bark 

1 

12 , 

72 

3 

1.7 

O.G 

8 1 

Elm Wood 

35 ' 

47 

7 

3 

1.2 

3 

Lime Bark 

21 

GO 

8 

4 

0.7 

2 

Lime W ood 

41 

29 

4 

4 

5 

5 

Cherry Bark 

i 23 

41 

5 

3 

0.8 

21 

Cherry Wood 

30 

35 

11 

9 

4 

2 1 

Scotch Fir Seed*, . . . . i 

1 23 

1 

2 1 

1 

15 

45 


10 


529. From tlicsc* lables it will bo soon tlial tlio quantities of dif- 
ferciit mineral matters \ary in difterent plants, and in diHereiil parts of 
the same ])lant. Silica is present in lar^^e ([iiantity in the st(‘ms of 
^^rasses, ^\llile it forms usually a small proportion of grains, l(‘"nminouB 
plants, and succulent loots. l^hos])li()iie acid is moie abundant in the 
^rain of cereal ])lants than in the straw ; it exists also in considcu'able 
quantity in nutritive seeds and in potatoes and turnips. Lime abounds 
in the stems of beans and ])eas, in clover, and in the bark and wood of 
trees; wliile it exists in small quantity in the cereal plants and 
grasses. The proportion of lime in tin* bark of trees is f^reater than in 
their wood. Potash and soda enter tiioi(‘ lar<;t‘ly into the composition 
of green crops than into that of wliite cr()])s; they are also more abun- 
dant in the w'ood than in the bark of trees. 

5.‘10. Most plants contain more or less of potash and soda in their 
composition. The former jirevails in inland plants, the latter in 
maritime and marine plants. Some succulent sea-shore plants, such 
as Salsola Kali, and Salicornia herbae(*a, yield a large (piantity of soda 
in their ashes. M. (Kibel examined the halophytes, or alkali-yielding 
plants of the (hisqiian Steppe, and found that young plants gave more 
soda than old ones. The follow ing are some of his results : — 


Ter cent. 
Soda. 

Salsola clavifolia (foliosa) 

young, dried 42 

Tamarix laxa, young . . . 33.fl 

Salsola brachiata, do. ... 33 
Haliinocneinis crassifolia, do. . 3f> 


Per cent 


Soda. 

Salsola Kali, young . . .25 

Ilalocnemum caspicum, do. . 22.9 

Anabasis aphylla, do. . .19 

Kochia sedoides, old . . .0.10 
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Some species of plants which grow both in maritime and inland situa- 
tions contain a preponderance of soda in the former locality, and of potash 
in the latter. This is the case with the common 8ea-pink (Anneria 
maritima), Scurvy-grass (Cochlearia officinalis), and sea-side Plantaiii 
(Plantago maritima). Dr. Voelcker analysed the ashes of the Sea- 
pink grown in different localities near Edinburgh — on the sea shore, on 
elevated ti’ap rock, ami on light sandy soil in Mr. Ijawson’s nursery, 
as well as specimens grown on rocks on the mountains of liraemar. 
He found tbe proportion of alkaline chlorides, as well as that of silica, 
considerable; the quantity of soda was more abundant in the ash of 
specimens grown near the sea-shore ; soda was entirely replaced by 
potash in the ash of the plant growm in the nursery. The proportion 
of magnesia in the natural state W’as greater than in the cultivate<l 
condition. In llie Braemar specimens lime seemed in part to replace 
the alkaline salts.* 

531. The presence of lime has been detected in almost all plants. 
It is an abundant ingredient of the soil, and is often associated with 
magnesia. In combination w'itli jdiosphoric acid, it is an essential in- 
gredient of the nitrogenous matter of cereal grains, and of many other 
cultivated plants. Assuljdiate it occurs largely in some of the Cffiaras 
and Medicks. It sometimes ap 2 )ears as an encrustation on the cells of 
plants, in the form of carbonate. This is seen in species of the genus 
(3iara (especially (^hara hispida) which grow in ponds (p. 354). In 
the interior of cells it is often seen in a crystalline form, constituting 
llaphides (p. 37). Oxalate of lime crystals occur in Khubarb root; 
in the best Turkey Uhubarb they constitute 35 per cent*, of the dried 
tissue, in East India K]nil>arb25 per cent., and in English Khnbarb 10 
per cent. In some of the C’aetns tribe (Fig. 88, p. 37), especially in 
old specimens of (V‘rens senilis, these crystals are so numerous as to 
render the stem brittle, (hystals of phosphates suli)hate, carbonate, 
tartrate, nialate, and citi'ate of lime also occur in the cells of plants. 

532. The presence of silica (SiO^) in plants gives solidity and 
firmness to their stems. The quantity in some plants (p. 330) is very 
large. 


Thus, the ashes of Equisetum limosum contain 04.S5 per cent, of Silica. 

,, Equisetum arvense „ 0-5.48 „ 

„ Equisetum hyemale „ 07.52 „ 

„ Calamus Rotang „ 07.20 „ 

In these plants, as wadi as in grasses, the silica exists in the form of 
small plates, grains, or needles, as may be showm by the action of 
sulplnirie acid. Iji the Bamboo (Bambnsa ariindhiae(‘a, and other 
species) the quantity of silica at tJie joints is freqnejitly very large, 
and may be collected in masses, to which the name of Tabasheer is 

* See Voelcker’s Paper in the Transactions of the Botanicnl Sonch of Edinburgh. — Annals of Nat. 
Tlistory, 2d senes. \ol mi. n 2r><i 
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given. In the Diatoinacea^, belonging to the lowest tribe of Alga', 
the cells have a siliceous covering, which enables them to retam their 
form, even after being acted on by strong acids. Dr. George Wilson 
finds that in many siliceous plants fluorine also exists in marked quan- 
tity. 

533. Iodine was considered formerly as an ingredient of maritime 
and marine plants only, but it has been recently detected in fresh- 
water plants, as well as in many ordinary land plants, by Cfliatin,* * * § 
and by Macadam.f The following are some of the plants in which 
iodine has been found : — Water-cress, Marsh Marigold, Water Lily, 
Common Heed, Forget-me-not, Water Mint, Iris, Digitalis, Oak, Beech, 
Birch, C/ommon Ferns, Mosses and Lichens, species of J uncus, (3arex, 
Fotamogeton, Kanunculus, Veronica, Senecio, Alchemilla, Galium, 
Ac. Chatin says that iodine is more abundant in plants which grow 
in running waters than in those of stagnant pools, and that occasion- 
ally plants which contain iodine when growing in water, lose it when 
they are developed in dry places. The experiments of Dickie J and 
Voelcker§ lead to the conclusion that plants which contain iodine 
when growing on the sea shore, lose it when they occupy an inland 
situation. 

534. The presence of fluorine in plants was first detected by Will 
of Giessen, and his observations have been confirmed a) id grcjitly ex- 
tended by Dr, George Wilson.^! It occurs in small cpiantity in jdants, 
and it is often associated with silica, from which it is separated witli 
great difficulty. Plants gnnving on the sea-shore, such as Sea-pink 
and Scurvy-grass, have been proved by Voelcker to contain fluorine. 
The test for the presence of fluorine is the etching vhich h^drofliioric 
acid pniduces on glass. The following are some of Wilson’s results: — 


Table of Plants in which Fluorine has been found. The numbers represent 
grains of ashes. The blanks imply that the weight was not known. 

Ashes 
in 

Grains. 

200 


35 


Name of riant. 


Indicalimi 

ot 

riuorim*. 


Smooth naked Horse-tail (Eipiisetuin limosum) Distinct etching. 
Common Bamboo (Bambusa aruudinacea) . do. 

Charcoal (derived chiefly from Oak, and to a 

smaller extent from Birch) ... do. 

Coal ..... do. 

Barley Straw .... do. 

Hay (Rye-grass) do. 

Variegated rough Horse-tail (E<|uisetum varie- etchin 

gatum) ..... j 


* Cliutin, various Papers in Comptes Rend us, \ol8. xxx. to xxxv. 

+ S. Macadam, Trans. Rot. Soc. Edui., iii Ann.ils of Nat. Hist., 2d senes, xi 231 -Edin. New 
Philosophical Journal, vol. liii. p. 316. 

t Diekie, Trans. Rot. Soe. Edin , in Annals of Kat. History, Ist senes, xi 74 

§ Voelcker, Trans Rot. Soe. Ediu., in Annals of Nat History, 2d senes, vii. 200. 

^ Wilson, Trans. Rot Soc. Edin., in Annals of Nat Hist. 2d senes, xi. 228 
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A Kites 
m 

drains. 

19 

255 


99 

4J)5 

1040 


Name of Plant. 


lodicutiou 

of 

Fluorine. 


Dutch Rushes or Rough Ilorse-tail (h]quisctum 
hyemale) ..... j 
Marsh Horse-tail (Equisetum palustrc) . 
Tussac-grass (Dactylis cecspitosa) 

Sea Lyiue-grass (Elymus arenarius) 

Sugar Cane (Saccharum officinarum) 

African Teak (Oldfieldia africana) 


etching. 

do. 

do. 

do. 

do. 

do. 


535. The Biliceous Btems which were found to abound most in 
fluorine, were exactly those which contained most silica. In particu- 
lar, deep etchings were procured from the Equisetaceai (horse-tails), 
and from the Clraminea' (grasses), especially the common Bamboo. 
The last is known to contain silica in such abundance, that it collects 
within the joints in white masses, nearly pure. The Horse-tails are 
scarcely less remarkable, for the amount of silica contained in their 
stems, which has led to the employment of one of them (Dutch rush, 
Equisetum hyemale), in polishing 'wood and metals. The African 
Teak, which like the Bamboo is known sometimes to secrete silica, is 
also found to contain duoriiie, though much less largely than the plants 
named ; whilst the si rongly siliceous stems of barley and rye-grass also 
yield the clement in marked quantity. The Sugar-cane, however, 
gives less striking results than might have been expected, and the 
same remark ap])lies to the Malacca-cane. Dr. Wilson^s general con- 
clusions arc as follows : — 1st. That fluorine occurs in a large Jiumber 
of ])lants. 2d. Idiat it occurs in marked quantity in the siliceous 
stems of the (Iraminctv and Equisetacea\ 3d. That the quantity 
j)resent is in all cases very small, for allliough exact quantitative re- 
sults were not obtained, it is well known that a fraction of a grain of 
a fluoride, will yield, vith oil of vitriol, a (quantity of hydrofluoric acid 
sufficient to etch glass deeply, so tlnat the proportion of lluorine present 
even in the plant ashes which contain it most abundantly does not 
probably amount to mort* than a fraction p(‘r cent, of their weight. 
The proportion of fluorine ai)pears to be variable, for different si)eci- 
mens of the same plant did not yield concordant results. In this, 
hovvev(*r, tlicre is nothing anomalous, for some Bamboos yield Taba- 
sheer largcdy, whilst others are found to contain none. It seems not 
unlikely that soluble fluorides ascending the siliceous stem of a plant, 
on their way to the seeds or fruits in which they finally accumulate, 
may be arrested by the silica, and converted into insoluble fluosilicates 
(fluondes of silicon and of a metal) ; and a Bamboo, for exam 2 )le, 
secreting Tabashoer, m«^y effect this change where one less rich in 
silica cannot dettu'minc it. The slow or quick drying of a stem may 
also affect the fixation of fluorides in the stems or tiunks of plants, 

53(5. Plants derive all their inorganic materials from the soil, and 
it is consequently of importance to determine the composition of the 
latter. But, before proceeding to the consideration of soils, it may be 
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remarked that Bome plants are enabled to grow without coming into con> 
tact with the soil. Thus in the Botanic GardtMi of Edinbiirgli, Ficus 
elastica, Ardisia crenulaia, Agave (Litta'a) gcmmipara, BillLergia nudi- 
caulis, and Phoenix farinifera, have continued to grow for nearly four 
years suspended in the air, and merely moistened by coinnion water 
allowed to come into contact with the roots by the capillaiy action of 
a worsted thi’ead. Ficus australis has grown sus])ended in the air for 
nearly twenty-five years. The phuits have produced leaves and some 
of them flowers. They derive their organic nourishment from the 
air, and the quantity of inorganic matter in the water appears to be 
sufficient to supply their wants in that respect for a long period. What 
are called air-plants or Epiphytes, such as Tillandsias and Orchids, are 
usually attached to other plants, from the decaying bark of which they 
may derive inorganic matter. In hot-honses these Epiphytes have 
also a quantity of moss round their roots, which is anolAier source of 
inorganic matter. Lichens seem to liave the power, in many cases, 
of acting upon hard rocks, and deriving from them inorganic matters. 
Mulder states that mould jdarils found on the surface of saccharine 
and gummy solutions, as well as in vinegar and other organic sub- 
stances, consist of cellulose and nitrogenous compounds, without any 
inorganic matter. These ]>lants, according to him, leave no ash on 
being burnt. 


HI. COMPOSITION AND PBOPEBTIES OF SOILS AS 
SUPPLYINCi^ FOOD FOB PLANTS. 

537. Having considered the various organic and inorganic matters 
which enter into the composition of plants and of vegetabh* products, and 
having noticed the chief sources whence plants derive their carbon, 
oxygen, hydrogen, and nitrogen, we shall now examine generally the 
nature of the soil, as the source wheuc<* the mineral or inorganic mattcTs 
required for vegetabh^ growth and niitrilion are dei ived. V\'e Jjave seen 
tliat the atmos])liei'e, uith its eai-bonie acid, water, nitric acid, and 
ammonia, is cajiahle of supplying the organic constituents of v(*getables. 
At the same time we have found that sul])]inr and i>liosphat(‘s enter 
into the composition of some of the most important sangiiigcnous 
(blood-producing) jiroducts. To the salts of sul])huric ajid ])lios))horic 
acid in the soil, we must look, tlierefoixs for the means of enabling 
plants to assimilate their organic i>roducts. While we allow that the 
atmosphere is the great reservoir whence the organic elements are de- 
rived, still we cannot consider it as the exclusive source*. It is probable 
that some of the carbon, oxygen, hydrogen, and nitrogen of plants 
may be supplied by the soil, and at all events we have seen that these 
elements cannot be combined in the form of albumen, fibrine, and 
caseine, without certain mineral matters of telluric origin. 

538. The atmospheric supply of food is ])retty uniform, and is not 
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under llie control of man. It is to the terrestrial (telluric) supply he 
must look as that which can be increased and modified by his efiforts. 
The horticulturist and farmer direct their attention to the soil, and by 
altcratit>ns in its composition endeavour to effect changes in the plants 
which they cultivate. It is therefore of importance to ascertain the 
mechanical nature and chemical composition of the soil. 

539. The following are the substances which enter generally into 
the composition of soils ; — Silica, clay, lime, and humus or vegetable 
mould. According to the preponderance of one or other of these in- 
gredients, soils are usually classified. Thus we have — 

1. Sandy or siliceous soils, containing upwards of 80 per cent, of sili- 
ceous sand. 

2. Clayey or argillaceous soils, containing above 50 per cent, of clay. 

3. Calcareous soils, containing above 20 per cent, of lime. 

4. Marly soils, in which the proportion of lime is more than 5 per cent., 
and does not exceed 20 per cent, of the whole weight of the dry soil, while 
that of the clay is more than 20 and less than 50 per cent. 

5. Loamy soils, in which there is less than 6 per cent, of lime, while the 
clay varies from 20 to 50 per cent. 

6. Humus soils, or vegetable moulds, which vary much in composition, 
from the garden mould which contains 5 to 10 per cent, of organic matter, 
to the peaty soil, in which it may be 60 or 70 per cent. 

540. The presence of sand and gravel in soils renders them loose 
and friable. Such soils part with moisture easily, and are usually 
dry. When the proportion of sand is very large, the soils are barren 
and unproductive. Sprcngel gives analyses of sandy soils containing 
from 90 to 98 per cent, of silica and quartz sand. The addition of 
clay, chalk, and marl, is useful in rendering sandy soils more tena- 
cious. As silica enters more or less into the composition of plants, it 
must be taken up from the soil by the roots of plants. In order that 
this absorption may take place, the silica must be dissolved in water. 
In its uncombined condition it is insoluble, but by combining with 
alkalies such as potash, it forms soluble silicates, which enter the cells 
of plants. 

541. (llayey soils contain a large quantity of insoluble silicates 
and of alumina, which does not iqipear to be an essential constituent 
of plants, although it is occasionally found as an accidental addition 
to their tissues. The presence of clay has a tendency to make soils 
stiff* and firm, so that they can retain the roots of plants and give them 
support. Clay soils arc usually moist, impervious, and cold. Heavy 
clay land is improved by draining, by burning, and by mixing chalk 
and sand with it. Mr. Way finds that clay in the soil removes various 
important matters from the manures put upon it, and does not allow 
the active ingredients to pass oft’ into the drains. It retains the alka- 
lies, as ammonia, ])otash, soda, and magnesia. If a quantity of am- 
monia highly pungent is thrown on a filter of clay, made permeable by 
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sand, the water which first comes away has no smell of ammonia. 
Solutions of potash and soda in a caustic state are by this means de- 
prived of their alkalies. Quicklime, dissolved in water, according to 
Mr. Way, is removed by passing it through clay. Carbonate of lime 
is so effectually removed, that hard water may be rendered soft. 
Pure clay will absorb 2-lOths per cent, of its weight of ammonia, 
that is, 1000 grains would separate 2 of ammonia. The action of 
clayey soil in absorbing ammonia seems to be due to the presence of 
certain silicates. When ammonia is added, double silicates are 
formed, such as the silicate of alumina and ammonia, from which the 
ammonia is easily removed by carbonic acid, or by a solution of com- 
mon salt. It may be in this state that silica is taken up by cereal 
crops, the silica being deposited in the straw.* 

542. Calcareous soils contain, as has been stated, upwards of 20 
per cent, of lime. This substance exists abundantly in the vegetable 
juices, and hence its presence is required in all productive soils. Cal- 
careous soils exhibit different physical characters according to the pro- 
portion of lime, clay, silica, &c., which enter into their composition. 
Some of them are deep, loose, dry, and productive ; others are shal- 
low, stony, and not favourable for vegetation. The addition of lime 
to soils is often highly beneficial, by destroying noxious weeds, and 
by preventing disease in crops. Lime, in combination with phosphoric 
acid, is a valuable ingredient of soils. Sulphate of lime or gypsum 
seems to be useful not merely in supplying sulphuric acid and lime, 
but also in fixing ammonia. In marly soils lime exists in the pro- 
portion of 5-20 per cent. In their characters they resemble more or 
less calcareous or clay soils. They are less retentive and less imper- 
vious than clay soils, but usually not so oi)en as many calcareous soils. 
When clay predominates clay-marl is formed ; when siliceous sand 
replaces the clay the soil is called a sandy -marl. In loamy soils lime 
is in smaller quantity, and the clay does not exceed 50 per cent. In 
them sand, clay, lime, and liitmus are in a fine state of division and 
intimate mixture, so that they constitute excellent soils, and may be 
placed next to the richer garden moulds. Many fertile alluvial deposits 
are loamy soils. According to the preponderance of sand, clay, and 
lime, these soils arc either sandy loams, clayey loams, or marly loams. 

543. Humus soils contain much vegetable mould. This is in 
itself insoluble, and cannot be taken up l>y plants. By the action of 
air and moisture, &c., the humus is decomposed, and various acids are 
formed, which seem to be capable of supplying carbon to plants. 
Humic, nlmic, and geic acids, which are formed in the soil, consist of 
C40 Hi2 O12, with the addition of 2 or more equivalents of water ; so 
also apocrenic acid is composed of C 48 1112 O 24 , and crenic acid of (^24 
Hi 2 O 16 . Vegetable moulds also absorb gases, such as ammonia, in 
large quantity, and thus supply nutritive matter to plants. These 

* Way, on the power of Soils to absorb Manrurcs.— Journal of the Royal Agricultural Society of 
Eugland, xi. 318 ; Gardener’s Cbronicle, May 22, 1852, 
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soils are clayey, loamy, or sandy, according to the predominant cha- 
racter of the earthy admixtures ; and when the organic matter pre- 
ponderates, they become peaty or boggy. Their fertility varies much 
according to their composition. 

544. The alkalies, potash and soda, are important constituents of 
plants, and they exist in greater or less quantity in soils. They enter 
into the composition of minerals, such as felspar. They are taken up 
by plants in combination with acids. They render silica soluble, and 
they are essential to the development of acids, such as oxalic, citric, 
and malic, with which they are found in combination. They appear 
to replace each other in certain circumstances. In many fertile soils 
magnesia exists in combination with carbonic acid, phosphoric acid, and 
lime. Einhoff mentions a productive marl containing 20 per cent, 
of carbonate of magnesia. Sprengel mentions another containing 28 
per cent. It appears, therefore, that carbonate of magnesia with silica 
in the soil has no prejudicial effect. In flax there is a large proportion 
of magnesia. In its caustic state magnesia is injurious to vegetation. 

545. Iron has been detected in greater or less quantity in the 
ashes of all plants. It exists in the soil in combination with oxygen, 
sulphur, and carbon. The oxides of iron are foimd, more or less, in 
all soils, and the peroxide, which is the most abundant, imparts that 
reddish colour so often observed on the earth’s surface. Peroxide of iron 
may remain inert in soils where no strong acid exists by which it can 
be dissolved. The protoxide of iron is of less value than the peroxide 
for vegetation, as it readily forms salts which are injurious to plants. 
It frequently abstracts oxygen from the soil, and becomes fully 
oxidised. It is probable that iron is taken up by plants from the soil 
in the form of a carbonate dissolved in carbonic acid water. The per- 
oxide has the power of absorbing ammonia from the atmosphere, and 
thus contributes to vegetable nutrition. An excess of iron, esi)ecially 
of the protoxide, seems to be injurious to plants cultivated for food. 

546. Manganese exists sparingly in plants, and it is found in the 
soil combined with peroxide of iron. It is often inert. Its oxides, 
like those of iron, are insoluble in pure water, and hence it must be 
supplied to plants in combination with acids, which form with it soluble 
salts. Sprengel found a marl containing 4 per cent, of oxide of man- 
ganese useful in improving grass lands. 

547. The presence of iodine in plants having been fully recog- 
nised by many observers, as already noticed, we must look for the 
sources whence it is supplied to vegetation. Ohatin believes that there 
is an appreciable quantity of iodine in the atmosphere, in rain water, 
and in the soil, varying in different districts, and that the relative 
amount of iodine, in any one locality, determines, to a great extent, the 
presence or absence of certain diseases, such as goitre and cretinism. Mr. 
Stevenson Macadam,* from a very accurate series of experiments, has 

* Macadam oii the general distribution of Iodine — Edinburgh New Philosophical Journal foi 
Octobei 1662 
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led to the conclusion, that air and rain water do not contain iodine 
at least in such quantity as to Ik* detected by the most delicate tests! 
As potassa was useil by Chatin in !uk ex|H*rimcnt8, and as Macadam 
finds iodine in this substance, it is pndmble that the observations of the 
fonner chemist require to verified. The existence, however, of 
iodine in ordinaiy potash, leads to the sus])ic‘ion that this element is 
more extensively distributed in the v’c^etalde kingdom than we have 
hitherto been led to believe. It is probable that llie iodine of plants 
is derived from soluble iodides in the soil. Iodine is said to exist in 
coal and in the waters of the gloln*. The waters from igneous rocks, 
and from the rocks of tlie coal formation, are said to contain a con- 
siderable quantity of iodine. It is found in combination with sulphur, 
the ores of iron and manganese, and tin* snlphurct of mercury.* 

548. The sources of the Fluorine fouud in plants, Wilson regards 
as pre-eminently two, (1) simple lluorides hucli as tliat of calcium, 
which are soluble in water, *{• juid through this medium are carri(*d into 
the tissues of plants; and (2) coin pounds of fluorides vviili other salts, 
of W'hich the most im])ortant is probably tlic combination of pl]osi)hate 
of lime with fluoride of calcium. Tliis occuih in the mineral kingdom 
in ai)atite and phosidioritc, and in the animal kingdtmi in bones, shells, 
and corals, as well as in blood, milk, and other fluids. Fluorides are 
much more widely distributed than is generally imagined. Th(*y exist 
in w'cll, river, and sea w'ater. The trap rocks near Edinburgh, and 
in the neighbourhood of the (dyde, as well as the granites of Aberdeen- 
shire, and the ashes (jf eofil, contain fluorides, so that the soils resulting 
from the disintegration of those rocks cannot fail to ]x)ssess fluorides 
also. All plants, accordingly, may lx* expected to exhibit evidence of 
their presence, in the following portions of their tissues or fluids: — 1. 
In the ascending sap, simple fluorides. 2. In tlic descending sap, in 
association with the alhuniinoiis vegetable principles, and in the seeds 
or fruits, in a similar state of association, fluorides along with pbosplia^tes. 
8. In the stems, especially when siliceous and hardened, fluorides in 
combination with silica. 

549. The productiveness of soils is very various. Some are 
entirely barren, such as quartz rock. This kind of soil is seen in 
many mountainous districts in which the bare quartz rock continues to 
show itself without any vegetable covering whatever. Others contain 
materials fitted for nourishment, but not available until they are 
disintegrated. This is the case with many granitic rocks containing 
valuable nutritive matter which can only lie taken up by plants after 
the rocks have been pulverized by the action of the weather. Borne 
hard granites which are not thus acted upon, are ban’en. Borne soils 
are unproductive on account of their jdiysical characters, such as very 
stiff clays ; others are so on account of being Ux) loose and sandy ; 

♦ Edinburgh New Philosophical Journal, July 1861, 180 

1 G. Wilson on the solubibty of the lluoride of Calcium in Water.— Transactions, Royal Society of 
Edinburgh, xvi 146. According to Wilson, pure water can dissolve 1 -20928th of its weight of I’luoridc 
of CuU mill 



COMPOSITION OP SOILS. 


395 


while others, from excess of water, are too moist, and require draining 
before they can be productive. 

550. The presence of substances in an unavailable form is the 
most common cause of sterility in soils. Thus most soils contain 
abundance of felspar which consists of potash, lime, and the various 
inorganic matters required by phints. Its formula is AI 2 O 3 SSiOa + 
KOHiOa; the alumina being often replaced by lime, magnesia, or 
oxide of iron, and the potash being sometimes replaced by soda. 
Felspar, however, may not bo in a state of disintegration, and thus, 
not capable of being applied to the purposes of plants. When exposed 
to the air however, tliis felspar may gradually be disintegrated and 
rendered fertile. When this disintegration takes place easily, the soil 
may continue fertile for a long time without additions ; so long indeed 
as any felspar remains to disintegrate. This rapid disintegration, 
however, does not usually take phace in soils. The weather acts 
slowly by means of carbonic acid and water. On some hard felspars 
tliero oecurs a scanty vegetation, which after many years may be 
burned, and then when the soil is turned up, a good crop is produced. 

551. Barren felspar soils may be rendered fertile — by exposure to 
the air, or in other words, by lying fallow ; by fj’cquent ploughing and 
turning up ; by the use of (|iiickliine, which acts by accelerating the 
decomposition of felspar and clay, and separating the silica and potash 
from the former ; by burning or calcination which acts in the same 
way as lime. Thus fallow, ploughing, liming, and burning act in 
the same way on ])arron felspar soils, by causing decomposition, 
and separating the materials required for the nourishment of plants. 
They all ju’omote the solubility of different parts of the soil. 

552. Below the ordinary soil there occurs what is called the sub- 
soil, inuhich there is less organic matter tlian on the surface. Into 
tliis soil many soluble matters are carried down by rains. The effect 
of subsoil and trench ploughing is to bring up these matters and render 
them available for the use of plants. The beneficial results of this 
kind of ploughing will d(‘pend upon the composition of the subsoil. 
By subsoil ploughing, tlie subsoil is loosened, so as to be easily acted 
upon by air and water, and the efficiency of the di*ainage is increased. 
This kind of ploughing, however, is not fitted for all soils. In some 
cases it may do barm. Thus it will not be beneficial in the case of 
wet undrained land, nor in the case of dry sandy loam resting on a 
gravelly or sandy bottom. In the former case, the depth of wet 
soil will be increased, and in the latter, the deficiency, of clay not 
being supplied, the })oi’osity of the soil will be injuriously augmented 
so as to render the land doo dry. Subsoil ploughing can only be 
practised with advantage in drained land. The depth of this kind of 
ploughing varies from 12 to 18 or 20 inches, and it is made at right 
angles to the lines of the drains. When judiciously performed, its 
effects will be to render the subsoil by degrees fit for the nourishment 
of plants. This kind of ploughing puts the laud into a state which 



m 


ROTATION OF CROPH. 


ihe changee produced by air and water. Hence its effects 
are not always immediately visible. After the subsoil has been 
loosened and changed by the action of the weather, it is then, by 
means of trench ploughing, mixed with the ordinary soil, and thus the 
latter becomes deei)eiied, 

553. A soil, though fertile, may not be fitted for all kinds of plants. 
If the soluble silicates are deficient, green crops may grow, but not 
white crops. The absence of magnesia is said sometimes to prevent 
crops from bearing fruit, inasmuch as the phosphate of magnesia is an 
essential element of the husk of grain. Deficiency of sulphates prevents 
the formation of albuminous comi)oiinds, which always contains sulphur. 
In order, then, that we may know the crop best fitted for any soil, there 
must be a complete analysis of both. As regards the soil, it is not 
enough that we know its ingredients ; v\e must also ascertain how 
much of it is available to the plant, and how much of it may be ren- 
dered BO by the action of the weather. This requires a laborious 
series of investigations. 

TV. KDTATION OF (MIOPS AND APPLICATION OF 
MANURES. 

554. Some plants, we have seen, require certain inorganic matters 
in larger quantity than others, and it is upon the knowledge of this 
that the rotation of crops is founded. The soil is constantly losing 
inorganic matters. Oats contain 4 per cent, of ashes, hay 9 j)er cent. 
A ton of hay removes 200 Ihs. of ashes, and these ashes are the very 
substances required by another ton of hay. Ry constantly cultivating 
the same crop, we deprive the soil, to the depth to which the roots 
extend, of certain materials, while othei’S are left nearly untouched ; 
but by alternation of crops, the latter may be made available for the 
purposes of gi’owih. Farmers on this account have different crops 
succeeding each other in the same field. Wheat, barley, and oats are 
described as silica plants ; peas, beans^ and clover as lime plants ; 
turnips and potatoes as jwtash plants. These crops, from the difference 
in their predominant inorganic ingredients, are made to aheniate with 
each other. The three rotations most commonly followed in Scotland 
are the four-course shift, or what is known as the Norfolk system, the 
five-course, and the six-course. The four-course shift usually consists 
of — Ist year, Turnips ; 2. W“heat and barley, and in many cases wholly 
barley ; 3. Grass ; 4. Oats. The five-course is simply the grass being 
allowed to remain for two years ; while the six-course shift, or system 
of rotation, consists of — 1. Turnips; 2, Wheat and barley; 3. 
Clover ; 4. Oats ; 5. Beans or potatoes ; 6. Wheat. The system of 
rotation, in other words, the number of years over which it extends, 
varies in different countries. 

555. In some virgin soils, rich in phosphates and other inor- 
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gallic matters, the same plants may be cultivated successfully for 
many years. This occurred in Virginia, whore for 100 years the 
same crops were grown without manure ; but ultimately exhaustion 
took place, and the crops became deficient. On lava soils there are 
often good crops. Thus, the soils of Vesuvius, formed by disintegrated 
lava, produce excellent crops for many years in succession. It must 
be remarked, however, that frequently important materials exist in the 
soil in an insoluble state, and that unless means are taken to render 
them soluble, the plant cannot avail itself of them. A soil thus con- 
sidered as comparatively barren, may in reality have abundant mate- 
rials of fertility in its composition. 

556. Dr. Daubeny has made the following series of experiments 
on the rotation of crops : — 


Tabular View of Experiments on Rotation op Crops. 



No. of 
Years 





NAME OF CROP. 

duiing 

which 

experi- 

ments 

Planted in 
same or 
different 
Plots. 

Averages of 
brat Five 
Years. 

Averages 
of w hole 
Period. 

EsVAItkS 


con- 

tinued 








Lbs. 

Lbs. 


Potatoes (Solanuin ) 

9 

In the same 

72.9 

68.9 ) 

Merely cleaned 

tuberosum) . > 


plot 


> 

from dust be- 

9 

In different 

92.8 

89.1 ) 

fore weighing. 

Flax (Linum usita-\ 
tisaimum) . . j 

10 

Same 

15.0 

12.6 \ 

Dried in sun 

10 

Different 

19.9 

22.7 j 

fore weighing. 

Beans (Vicia Faba) -j 

10 

10 

Same 

Different 

32.8 

34.8 

24.7 1 
33.6 j 

Do. 

Barley (Hordeuml 

10 

Same 

30.0 

28.9 1 

Do. 

vufgare) . . f 

10 

Different 

46.5 

1 42.1 f 

Turnips (Braasical 

10 

Same 

104.0 

1 100.8 1 

In a green state 

Rapa) . . r 

10 

Different 

173.0 

1 176.5 f 

when weighed. 

Hemp (Cannabis \ 

9 

Same 

32.55 

30.13 \ 

Dried in son be- 

sativa) . . . f 

7 

Different 

— 

40.0 j 

fore weighing. 

(Papaverl 

9 

Same 

21.9 

18.2 1 

Do. 

somniferum) . f 

9 

Different 

20.3 

18.7 j 

Clover (Trifoliumi 

10 

Same 

10.9 

148 1 ; 

Do. 

pratense) . . f 

6 

Different 

— 

16.9 j I 

Buckwheat(Polygo-\ 

10 

Same 

11.6 

9.1 1 

Do. 

num Fagopyrum j 

10 

different 

12.5 

10.6 j 

Oats (Avena sativa) 


Same 

Different 

__ 

28.0 \ 
82.4 y 

Do. 

Parsley (Petroseli-> 

io 

Same 

61.25 

39.75 1 

Do. 

num sativum . j 

0 

Different 

— 

87.8 y 


These experiments show a manifest advantage on the side of shifting 
crops, varying from 1 to 75 per cent., more generally approaching 
nearer the latter. 

557. There is often, however, a great quantity of fertilising matter 
in the soil, but not in a condition immediately available for the growth 
of plants.* Hence, in some cases where the crop is deficient, there 

* Daubeny on the distiiution between the dormant and active lugiedicnts of the soil — Journal, 
R«>al Agricultural Society of England, vii 237 
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are valuable malerials still in the soil unassimilated. Thus phosphates 
exist often potentially in a dormant state in the soil in great abundance, 
but it is not until tliey have been brought into a soluble form that they 
are of any use as ihe food of plants. Daubeny endeavoured to find 
out the nature of the dormant materials by ascertaining how much of 
them water, impregnated with carbonic acid, is capable of dissolving 
out in a given time. It is of importance for an agriculturist to discover 
the dormant inorganic materials, and to adoj)t means of rendering them 
available. Allowing the ground to lie fallow, and stirring and 
verising of it are methods by which air and moisture are admitted, and 
time is allowed for the decomposition of the materials, which are thus 
rendered available for plants. 

558. In wild plants tlu^ phosphates are less abundant than in cul- 
tivated crops. The former do not, like the cultivated plants, produce a 
large quantity of sanguigenous food in a short space of time, and hence 
less phosi)hates are reciuircd. Plants have a great power of taking up 
phosphates, and cultivation increases this power. It is said that an 
acre of hay removes 100 lbs. of ])hosphates. In wild tropical vegeta- 
tion there is a luxuriant growth, but the plants form cells, fibres, wood, 
resin, c^c., Uvid produce a comparatively small amount of sanguigenous 
compounds. All e\crgreen and perennial plants require less }>hos- 
phates than the ordinary cultivated plants. They are enabled to 
extend their vegetating processes over many years, and do not demand 
a large (piantity of pl\os])hates within a limited period. In the case of 
perennials in a wild state the leaves fall on the soil and restore the inor- 
ganic matter. Cultivated ])lauts, on the other hand, ar(‘ annual and her- 
baceous, grow' rapidly, and produce a large amount of sanguigenous pro- 
ducts, requiring abmidancc of phosphates, whi(‘h are annually removed. 

559. The atmospheric food of plants geneially continues the same, 
but the terrestrial food varies much. Tlie former is not under the 
control of the cultivator ; the latter is. Hence w'e must look to the 
terrestrial food in an exj^eriment as to nutiition. Having ascertained 
the chemical composition of the plant and of the soil, we must either 
add the matter which is deficient, or we must render the food already 
in the soil more available for plant life. In regard to ordinary wild 
plants, there is sufficient materials iti the atmosphere and soil to carry 
on all the processes of plant-life, more especially in the case of peren- 
nial plants, where time is allow'ed. In the case of cultivated crops, 
the object is to ])roduce certain matter in abundance within the period 
of a year or less ; hence the necessity for the application of manures 
which siq)ply nutritive matter in larger quantities than exist in the 
soil at any one period. 

560. The materials of which plants arc composed, and which 
ai*e all withdrawn from the unorgajiized world, are given back to 
the air and soil again by the disintegration of tlic living stnictnrcs 
of which they have formed a part. If plants were not used for 
food, they would b}^ their decay restore all that they had taken away 
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for the purposes of growth. But as they contribute to the nourish- 
ment of man and animals, it follows that a portion of vegetable matter 
is constantly removed in order to build up the animal structures. 
This portion must be again supplied in order that the plant may be 
nourished. This is the principle of the application of manures. The 
farmer and horticulturist add to the soil what has been removed from 
it by crops. In order to do this properly, there must be a knowledge 
of the composition of the plant, of the soil, and of the manure ; and 
hence the importance of accurate chemical analyses. In addition to 
this, attention must be directed to the functions of plants, and to the 
mode in which they take up nourishment ; and the materials of growth 
must bo supplied in such a way as to be made available for the pur- 
poses of plant-life. 

561. The object of manuring is to improve the properties of the 
soil, and to supjdy what has been taken from it by crops, which have 
been used for the food of man and animals. We may either supply 
the wliole or some portion of the veg(‘table constituents in a soluble 
state, or we may add to the soil something which will decompose and 
act on its insoluble ingredients, so as to render tlicm fit for the use of 
plants. Natural manures, such as those of the farm-yard, fire excel- 
Iciit, because they restore to the land nearly all the substances which 
hav'j been taken from it. Oth(U’ manures supjdy oik' oi* two ingre- 
dients only. The cx])osure of the soil to tlie inlluence of the weather 
tends lo make up for loss, by causing the decomposition of substances 
previomly unfit for vegetable nutrition, hallow then acts, in a cer- 
tain degree, in restoring the fertility of th(‘ soil, but it will not give 
us all that is ixnpiired, and, moreover, involves loss of time and 
money. 

562. In the ease of cultivated plants, those manures are considered 
the most valuable which furnish the materials necessary for forming 
the azotized compounds recpiired for the sanguigenous food of man and 
animals. Hence the importance of manures containing ammonia and 
phosphates, substances which do not usually exist abundantly in the 
soil, and which are annually required in large quantity by crops. It 
has been found by comparative experiments that the quantity of 
glutcm in wdieat and other cereal gTains is inei’cased by the use of 
amnioniacal and phosphatic manures. The sewerage of towiis, in 
this point of view, is one of the most valuable manures, and it is to be 
regretted that so little is done losave it for the pnr])oses of the farmer 
and horticnltui’ist. The quantity of solid and liquid excreta sent into 
the sea is enormous. In (diina great attention is paid to i)roper 
manuring, and to the saving of proper materials necessary for the 
growth of plants, hti this respect the (diinesc set an example to the 
inhabitants of Britain, vhero there is annually an enormous waste 
of fertilizing mah^rials. Millions of pounds of phosphates in this 
country are lost, and hence the demand for bone eai*th and guano. 
The latter manure may be said to he these phosphates restored ; for. 
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after being carried into the sea the phosphates contribute to the gro?rth 
of sea-plants ; these become the ab^es of the lower classes of marine 
animalp on which fishes feed ; and they in their turn supply food to 
the piscivorous birds which furnish guano. 

563. The soil has a great power of absorbing ammoni^ and sup- 
plies it gradually to the roots of plants in a state fit for their nutrition. 
The vigour of plants is much increased by the judicious application of 
ammonia either in the soil or in the air. M. Ville* found that am- 
monia, when added to the atmosphere in which plants grew, increased 
the vigour of their growth, and rendered their produce more nitroge- 
nous. When of this gas was added to the air, the effects became 
perceptible at the end of eight or ten days, and they went on increas- 
ing. The leaves became of a deep green, their stalks becoming long 
and stiff, and their surface broad and shining. Ultimately the plants 
were found to contain twice as much nitrogen as those grown in pure 
air. The following were the results ascertained after the plants had 
been dried at a temperature of 248® Fahrenheit : — 



PLANTS IN PUllK AIR 

PLANTS IN AM MON I A- 
CAL AIR 

Total Pi odute 
Giains 

Nitrogen 

GruiiiB 

Total Produce 
Groins. 

Nitrogen. 

Groins. 

Experiments in 1850 . . 

64.19 

1 266 

110.16 

4.313 

Experiments in 1851 . . 

68.72 

0.494 

135.20 

1.501 

Experiments in 1852 . 

11.868 

0.043 

21.99 

1.890 


564. Ville, however, states that if ammonia is applied to plants 
several months before flowering, there is nothing remarkable produced 
in their vegetation ; the ordinary succession of growth is not disturbed. 
Sometimes the plant fruits earlier and better. But if the addition of 
ammonia to the air is delayed till the plant is about to come into 
flower, then the flowering is arrested, and vegetation takes a new 
start; the stem lengthens and branches, numerous leaves are pro- 
duced, and if the season is not too far advtanced the suspended flower- 
ing takes place, but the blossoms are all blind. In grain crops which 
do not branch, the effect is to cause them to tiller, and no seeds are 
produced. Air dosed with 0.025 gr. of ammonia per cubic yard was 
found to be very beneficial to Orchids. In the months of June, July, 
and August, the effect of the ammonia appeared to be rather injurious, 
causing yellow spots and drying up of the leaves, owing to the roots 
not being able to supply the due amount of mineral matters retpiired 

* Ville, Comptei Rendus, 1802. 
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for the increased and more vigorous growth of the leaves. Hence the 
plant drew from some of its leaves the mineral matter required, and 
thus they faded. The leaves absorbed abundance of organic ele- 
ments, but they wanted the inorganic matter necessary for assimilation. 
This balance between roots and leaves must be kept up. It has 
been remarked, for instance, in Cucurbitaceous plants, in dry weather 
occurring after heavy rains, that sometimes the inorganic matter 
appears as a saline efflorescence on the leaves. 

565. It is essential that ammonia should be supplied in moderate 
quantity at a time, and at the proper season. It requires, also, the 
presence of phosphates, in order that its full effect may be secured in 
the production of nitrogenous matter. Some manures give off am- 
monia in large quantity by a process of fermentation ; and in order 
to prevent the loss thus occasioned, it is frequently necessary to add 
sulphuric acid or sulphate of lime, so as to procure a non-volatile 
sulphate of the alkali. 

566. Manures may be divided into— 1. Farm-yard manure^ con- 
taining all the ingredients required for a crop. This, when applied 
to the soil, is slowly decomposed, and its effects extend over several 
years, so that it exerts a beneficial influence upon all the crojjs of a 
rotation. It may be called in general a slowly-acting manure. 2. 
k^pecial manures^ composed of ingredients which are intended for the 
special benefit of the crop to which they are applied, while compara- 
tively little effect is expected to be pioduced on those that succeed it. 
These may be called rapidly-acting manures. The first is of import- 
ance for cereals whi('h are slow- growing plants ; the second are valu- 
able for green crops, which of all otheis require the greatest quantity 
of nourishment in a given time. "While ammonia may be supplied by 
both, still, in tlie foimer it is slowly produced by a gradual combina- 
tion between nitrogen and hydrogen, while in the latter it is ready 
formed, and capable of being at once used by the plant. 

567. Farm-yard manure consists of complex animal and vegetable 
compounds, which by free exposuie to the air undergo a kind of fer- 
mentation, so as to be converted into other substances, of which 
carbonic acid and ammonia are th(* most important. This fermenta- 
tion is promoted by moistening and turning over the manure, in order 
to permit the free access of air. In this way the production of ammo- 
nia is facilitated, and the manure is in a condition to supply it at once 
to the young plants, which is of great importance for the vigour of the 
future crop. By this mode of preparation the manure is calculated to 
produce rapid effects on plants which come quickly to maturity. In 
order that farm-yard manure may act rapidly, and that the loss 
caused by exposure to the air may be prevented, a proj)ortion of a 
special manure containing ammonia may be at once added to it, 

568. Farm-yard manure may be applied in a solid or in a more or 
less fluid state. The term liquid manuring is properly given to the 
use made of the urine of cattle, containing a large amount of urea, 
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which, by decomposition, becomes carbonate of ammonia. Of late, how- 
ever, this has been mixed with other matters from the farm-yard, as 
well as with carbonaceous and peaty substances, and tlie whole has 
been pumped over the field in the form of a fluid containing solid 
ingredients suspended in it. This kind of fluid manure is more bene- 
ficial than liquid manure properly so called. The latter, while it sup- 
plies ammonia, does not furnish the necessary phosphates, and by 
adding to the vigour of the plants, it impoverishes the soil of them. 
The former resembles in many respects the sewerage of towns, to which 
allusion has been made, and which is known to act most energeti- 
cally in promoting the growth of plants. 

569. Among Special manures there are some which supply ammo- 
nia and phosphates either separately or united, others furnish acids or 
bases, such as Suljdiuric acid, Niti-ic acid, Potash, Soda, Lime, <fec. 
The liquor of gas works and soot owe their maniirial value principally 
to ammonia. Bones are prized on account of the phosphate of lime 
in their composition, whiclt amounts in general to about 50 per cent. 
In place of using bone-dust, which acts slowly, from the insoluble 
nature of tlie phosphate of lime, farmers are in the habit of mixing 
bones uith srlphurie acid, and thus getting a soluble compound of 
phosphoric acid and lime (superphosphate), wliich, when dissolved in 
water, is easily taken up by the I'oots of plants. The addition of sul- 
phuric acid also acts beneficially in supplying sulphur for the azotized 
com]>ounds. 

570. The phosphates are highly important in an agricultural point 
of view. Vnlcss they are present, no albumen nor other azotized 
matter can be formed. Carbonic acid and ammonia may be present ; 
but without phosphates they cannot forjii sangniigeiious food. Hence 
phosphates may be considered as the test of value of a manure in this 
respect. The organic matter can be supplied by the atmosphere, but 
the phosphates cannot. They must be added, if deficient. Many 
limestones and marls act as manures, from the phosphates which they 
(5011 tain ; so do coprolites, which are the fossil dung of extinct animals. 
In the manufacture of superphosphate of lime, coprolites arc sometimes 
mixed with bones and sul^diuric acid. Beds of bone chalk exist, which 
are rich in phosifliates of lime, and which might be valuable manure. 
In Estremadura, in Spain, Daubeny saw beds of this nature from 7 to 
16 feet thick.^' Numerous phosphatic nodules have been found in 
some parts of England. The phosphate of lime in these nodules seems 
to have been derived from the decomposition of marine animals, which 
had peopled the seas in those parts during the tertiary period. The 
phosphate, at first dissolved in sea- water by the agency of carbonic 
acid, was afterwards precipitated as that solvent escaped, and at the 
moment of its deposition was attracted by any hard solid body near it. 
Hence the origin of those pseudo-coprolites which ocjcur in the Crag 

* Daubeny on the Occurrence of Phosphorite in Estranuidura.— Journal of Royal Agricultural 
Society of Enghind, vol. v. p. 40G. 
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of Suffolk ; hence also the origin of the phosphatic matter often found 
encrusting the hones and teeth of marine animals found in the same 
locality. As the phosphatic nodules abound over a wide district, from 
the river Orwell northwards along the coast of Suffolk, they have been 
used as manure. They are powdered and acted upon by sulphuric 
acid, and are thus converted into superi)hosphate of lime. Phosphatic 
marls also exist in many English counties. Beds of phosphates extend 
from one side of England to the other, in a direction from north-east 
to south* west, viz., from Flamborough Head to the southern coast. 

571. It is usehil to bear in mind that in many analyses phosphate 
of lime has been mistaken for alumina, and hence erroneous statements 
have been given as to the conij)osition of crops and soils. It would 
appear that bone earth, farm-yard manure, and guano, owe much of 
their value as manure to the phosphates which they contain. The 
increased cultivation of green crops in this country may be owing to 
the deficiency of phosi)hates in the soil ; for these crops require less 
phosphates than grain crops, and are less sanguigenous. 

572. One of the most important special manures is Guano, or the 
dung of sea-fowl, which has accumulated for centuries in some parts of 
the coast of South America and Africa, and now forms enormous 
deposits. The consumi)tion of this manure hi Britain, in 1851, is 
stated to be from 80,000 to 100,000 tons. Its value dejiends partly 
on aminoniacal salts and partly on phosphates. Some guanos, as 
Peruvian, Anagamos, and Bolivian, are rich in ammonia ; while others, 
as Patagonian and Saldaiiha Bay, are rich in phosphates. 

573. The following is Dr. Anderson’s analysis of diflerent kinds of 
guano ; — * 

Table op the Average Composition op Dipperent Sorts op Guano. 



Ana> 

rcru\ian 

Idiaboc 

Ich iboe. 

Pata- 

Saldanha 


gnnios 

Ni w 

Old. 

goman. 

Bay. 

Water 

13.C1 

13.73 

18.89 

24.21 

24.30 

21.03 

Organic Matter and Am- 1 
moniacal Salts . . . . j 

57,90 

53.16 

32.49 

39.30 

18.86 

14.93 

Phosphates 

19.50 

23.48 

19.03 

30.00 

4137 

56.40 

Lime 

... 

... 

2.49 

. . . 

2.94 

... 

Sulphuric Acid 

... 

1 

... 


2.21 

... 

Alkaline Salts ... 

0.97 

7.97 

0.91 

j 4.19 

2.70 

0.10 

Sand 

2.02 

1.06 

19.59 

2 30 

7.50 

1.54 


100.00 

__ - j 

100.00 j 

100.00 

100.00 

100.00 

100.00 1 

Ammonia 

20.53 

n.nOj 

10.42 

1 

8.50 

2.06 

1.62 ' 


Sec I'ransactions of Highland and Agricultural Society, January and July 1851 
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574. Johnston has given the following arrangement of Guanos 



Water, 
per cent. 

Organic Matter, 
per cent. 

Phosphates, 
per cent. 

Bolivian Guano 

5 to 7 

66 to 64 

26 to 29 

Peruvian do 

7 „ 10 

66 „ 66 

16 „ 23 

Chilian or Valparaiso do. . . 

10 „ 13 

60 „ 66 

22 „ 30 

Ichaboe do 

18 „ 26 

36 „ 44 

21 „ 29 

Saldanha Bay do 

17 „ 34 

14 „ 22 

46 „ 66 

Patagonian do 

14 „ 40 

16 „ 38 

17 „ 40 


575. Guano is very liable to adulteration, and it is absolutely 
essential for the farmer that the specimens should be carefully ana- 
lyzed. Without chemistry the farmer possesses no means of judging 
whether he is applying to his land a material containing 55 per cent, 
of phosphate of lime or 24 ; 17 per cent, of ammonia or 1 ^ ; or 
whether there may not be as much as 50 to GO per cent, of foreign 
matter intermixed with useful constituents, without any fraud on the 
part of the vender. The adulterations consist of yellow sand, ground 
limestone, yellow marls and clays, gypsum, and ground coprolites.* 
Anderson states that genuine Penivian guano should not be too dark- 
coloured, nor have too strong ammoniacal odour; it should contain 
lumps of a lighter colour than the powdery part ; it should not be 
gritty when crushed between the fingers, and a bushel of it should 
weigh about 50 lbs. 

57G. Mr, E. J. Quekett states that guano, when viewed under the 
microscope as an opaque object, appears to consist of particles of an 
earthy brown colour, mixed with crystalline bodies of various sizes, 
some of which appear to be particles of sand, and others to be crys- 
talline matter diflering according to the locality whence the guano has 
been procured ; so that the Ichaboe guano may be readily distin- 
guished from the Peruvian, the former having much more of the crys- 
talline matter than the latter. It happens, however, that the goodness 
of the giano does not depend on the presence or absence of this crys- 
talline matter, and consequently it forms no criterion of its value. But 
although the microscope will not enable us to determine accurately the 
value of that substance, it is quite capable of determining whether it 
has been adulterated with foreign matters or not. Upon viewing it as 
a transparent object, the natime of many of the bodies composing it 
becomes apparent, and it is found to consist of organized, crystalline, 
and mineral matters. The organisms appear to be fragments of dried 
muscular fibre, either of birds or fish, minute fragments of shells, spi- 
cula of sponges, and (especially in that from Ichaboe) skeletons of 

♦ Anderson on idulterntion of Guano — Transactions of Highland Soaity, January 1861, and July 
1862. Way on the Composition of Guano, in Trans of Royal Agricultuial ^lety of England, x. ItKi 
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animalcules of various kinds, such as Corcinodiscus and Actinocyclus.^ 
By analysis, the crystalline matter is found to he composed of sulphate 
of potass and ammonia. 

577. Various other special manures have been recommended, con- 
taining one or two of the inorganic constituents of plants. Nitrates 
and Carbonates of Potash and Soda appear to act by furnishing alka- 
line matter as well as nitrogen and carbon. Sea salt (Chloride of 
sodium) is considered by Mr. Way as beneficial both to white and 
green crops. He thinks that it probably acts on the silicates of lime 
present in the soil, setting the lime free, and acting on the silica so as 
to render it fit for the puri)oses of vegetable life. In the case of cul- 
tivated plants which naturally grow near the sea, such as Sea kale, 
Asparagus, Cabbage and its varieties, salt may be expected to be use- 
ful. Lime acts beneficially as a manure in the case of some plants, 
prejudicially as regards others. Thus the Corn marigold (Chrysan- 
themum segetum), (Jommon heather (Calluna vulgaris), and various 
species of Carex, become rare when clay lands are improved by lime. 
When mixed with soil, lime prevents the formation of free acids, which 
in wet clay lands result from the decomposition of organic matters and 
various processes of oxidation. It also renders acids already present 
in the soil innocuous. It aids in the decomposition of vegetable 
matter in the soil, and thus promotes the formation of carbonic acid. 
In combination with phosphoric acid, we have already noted its effi- 
cacy. In the form of sulphate or gypsum, it is useful in absorbing 
ammonia, and probably in supplying sulphur.f 

578. Specific manures are applied in various ways. They are 
either thrown broad-cast over the soil, or they are used as a top- 
dressing in the case of grass, or they are sown in drills along with 
seeds. The last is by many looked upon as the best method, inas- 
much as the ammonia and other manurial matters are immediately 
brought into contact with the young plant at the time when it is of 
importance to increase its vigour. In making expeiiments with these 
manures, it is of importance not to confine the trial to one crop, but to 
conduct it through a whole rotation. 

579. Occasionally a green crop is grown with the view of being 
afterwards ploughed into the soil, and of supplying, during its decom- 
position, materials which had been taken up by its roots from a con- 
siderable depth in the soil. This is called green manuring. Common 
Spurrey, Vetches, and Clovers, are sometimes employed in this way. 
Sea-weeds are also used as manure. They furnish salts of potash, 
soda, and lime, and they may probably be useful in the case of culti- 
vated plants whose natural habitat is in the neighbourhood of the sea. 
In the Edinburgh Botanic Garden, Sea- weeds have been applied with 


* See figures of these animalcules in Taylor’s Scientific Memoirs, vol iii. plates 7 and 8. 

+ For other specific manures, see Anderson on vunous Manufactured Manures. — Tians. Highland 
Society, January 1862. Voelcker on Artificial Manures.— Journal of Agriculture, March 1862. Bous- 
siugault and Payen on Manures. — Compies Rcndiis, x. 323, xi. 057. 
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^ood effect to the Coco-nnt Palm, which thrives best within the in- 
fluence of the sea.* 

580. Recapitulation of the chief points noticed in Ohemico-Phy- 
siology ; — 


1. Plants consist of orpranic and inor^^anic constituents. 

2. Organic constituents form the bulk of vegetable tissue ; they are combustible, and 

cannot be produced artificially from their elements. 

3. Inorganic constituents are in small quantity ; arc incombustible, and may be pro- 

duced artificially. 

4. Organic constituents are either unazotized or azotized ; the former consisting of car- 

bon, oxygen, and hydrogen ; the latter of carbon, oxygen, hydrogen, and nitrogen. 

6. Certain azotized compounds also contain sulphur and phosphates, and are parti- 

cularly important in the case of cultivated crops used for food, in consequence of 
being sanguigenous or blood-forming. 

fi. Tlie elements of the vegetable organic constituents exist in the atmosphere and in 
the soil, in the form of carbonic acid, water, ammonia, and nitric acid. 

7. Inorganic constituents form the ash of plants, and consist of metals, metalloids, bases, 

and acids, in various states of combination. 

8. Inorganic matters are supplied by the soil, and are hence called terrestrial or telluric 

food ; they are important in building up the tissues of plants. 

9 . Phosphates and sulphates in an especial manner are important in the development 

of sanguigenous products. 

10. Soils consist chiefly of organic matter, silica, and clay, mixed with salts of lime, 

magnesia, potash, and soda. 

11. In the case of cultivated plants which require to collect a large amount of food in a 

short time, the nature of the soil recpiires to be particularly attended to. 

12. The soil becomes exhausted by the continued growth of plants, more especially of 

cultivated crops. 

13. Rotation of crops is foimded on the fact that some ])lants take uj) a larger riuantity of 

certain inorganic matters than of others ; ami hcncf* white and green crops, which 
require different proportions of inorganic constituents, arc made to succeed each 
other. 

14. When a soil is deprived of nutritive materialh, they must be supplied in order to 

keep up its fertility. 

15. The fertility of the soil is kept up by the application of m.inures. 

16. In order tliat manuring may be conducted properly, there must be a complete analysis 

of the crop, the soil, and the manure. 

17. Manures are divided into farm-yard manure and .special manures. 

18. Farm-yard manure supplies all the ingredients for crops, and it usually acts slowly, 

so as to show its effects during a whole rotation. 

19. Special manures supply special substances, and are more particularly suitable for 

quick-growing crops. Their effects generally cease with the crop to which they 
are applied. 

20. The most valuable ingredients in manures arc ammonia and pliospbatcs. 


* For fuller details relative to Chcmico-I’hyBiology, the student may consult the following works . 
Boussingault Economic Ruralo; Davy’s Agriniltural Chemistry, by (>hier; Dumas, on the balance of 
Organic Nature; Gregory’s Handbook ot Organic Chemistry; Johnston’s Lectures on Agricultural 
Chemistry ; Liebig’s Chemistry of Agriculture and Physiology, translated by Playfair ; Liebig’s Letters 
on Chemistry, translated by Gregory; Morton’s Cyclopaidia of Agriculture; Mulder’s Chemistry of 
Vegetable and Animal Physiology, translated by Fromberg; Sehleidcn, Die Pbysiologie der Pflanzen 
und 1'biere, und Theoric dcr Pflanzcn-cultur ; Wilson’s Rural Cyclopiedia ; Daubeuy, on the Seicn- 
tiAc Principles of Manuring— Journal of Agrieultiural Society of England, ii. 2.12 , also various articles 
by Anderson, Way, Voelcker, and others, in the Journal of Agriculture, and Tiansactionsof the High- 
land Society, and m the Journal of the Royal Agricultural Society of England. 



CHAPTER 111. 


PHYSIOLOGY OF THE ELEMENTARY TISSUES OF PLANTS. 

I. FUNCTIONS OF CELLS AND OF CELLULAR 
TISSUE. 


581. When we consider that cells are of universal occurrence in 
the Vegetable Kingdom, and that they constitute, in some instances, 
the entire structure of plants, we can easily understand their importance 
in a physiological point of view. They are capable of carrying on all 
the functions of plant-life. Wo have already remarked, that the life 
of an individual cell may represent that of the entire plant. In 
the case of a unicellular Alga, as Palmella (Fig. 1075), we meet 
with a simple cell which absorbs nutriment from the atmosphere 
and the soil, and forms certain organizable matters, some of which are 
employed in building up its texture, while others are secreted or set 
apart for ulterior purposes in its economy. Those actions are fre- 
quently accompanied by an evident movement of fluids and gi’anules. 
In the progress of time celbiles are developed in the interior of the 
cell, which are discharged as independent cell-plants capable of per- 
forming all the functions of the parent cell. In other instances, the 
original cell gives origin to new cells, either by means of nuclei (Fig. 
1076), or by a constant process of division (Fig. 1077), until at length 
a cellular plant is produced consisting of numerous cells variously 
arranged. In higher Cryptogamics, the cells undergo transforma- 
tions fitting them for their special functions. Vital operations are 
carried on in all plants by means of cells, the constitution and func- 
tions of which vary according to the nature of the plants and the posi- 
tion in the scale of organization which they occupy. In the higher 
classes of plants, certain cells are concerned in the secretion of orga- 
nizable products, which are elaborated by others into new tissues. 
The life of the higher species of plants results from the regular action 
of cells, which are of unequal value as regards the formation of new 
organs and new products. In cells there are observed the absorption 
and movements of fluids, the elaboration of these by exposure to air 
and light, and the formation of new cells. 
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CYTOGENESIS OK CELL-FORMATION. 


582. In its early state a plant consists of one or more cells. These 
appear to be produced from a viscid substance of an albuminous nature, 
to which the names of Protoplasm, Cytohlastema, and Vegetable Mucus 
have been given. Tin's substance is first homogeneous, then granular.* 
It is coagulated by alcohol, and coloured yellowish-brown hy iodine. 
It is considered as the earliest stage of vegetable tissue, and as being 
endowed with a certain formative power. By Barry, the organizing 
matter is called Hyaline, from its pellucid nature. Some say that in 
this protoplasm nuclei are developed which give origin to cells ; others 
§tate that the nitrogenous matter becomes at once divided into cell- 
like cavities, each of which produces a covering of cellulose for itself. 
The formation of nuclei or cells in a protoplasmic matrix, without 
the influence of another cell previously existing, may be called extra- 
cellular. 

583. When a cell has been produced, we can then trace some of 
the stages by which new cells are formed. This process is called cell- 



development or Cijtogenesis, and it has engaged the attention of many 
able physiologists. There appear to be four niodes in which vege- 
table cells are multiplied, viz., by nuclei, by division, by gemmation, 
and by conjugation. New cells originate in the protoplasmic fluid 
contained in a parent cell by a process of intra-cellular formation. 
The new cells may cither proceed fiom a nucleus, or, as Sehlciden calls 
it Cyioblast ; or they may be formed at once in the protoplasm. In 
the former case, the nucleus becomes as it were the centre of vital 
action, and on one side of it a bladder-like vesicle arises (Fig. 1078, h). 
This original vesicle is bounded by a protoplasmic membrane, which 
ultimately becomes covered with a deposit of cellulose. The proto- 
plasmic membrane forms the inner lining (primordial utricle of Mohl) 
of the new cell, and to it all the subsequent vital actions of the cell 

I ig. 1076 ITnlcellular Alga (PalmeUa cnienta). Tlie cell, a, absorbs, secretes, and forms new cells, 
by a process of fUtsiparous division, first into tiso, h and then into four parts, c. 

Fig. 1076. Cells containing nuclei or cytoblasts, from which new cells are produced by intra>cellulBr 
cytogenesis. 

Fig 1077 Diatomaccous Alga {Dtatoma martnum)^ the cells of which are increased by a constant 
process of fissiparons or mensmatic division The plant increases by abscission of segments. 

* *5ome say that it consists of minute fibres, whuli, uhen united together, form the ccll-uall, see 
page 420. 
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are referred.* The nucleus either remains in the cell-wall, or it is 
absorbed. The newly formed cell contains a formative fluid in which 
nuclei are produced, which, in their turn, give origin to other cells. 
Besides a nucleus, there are seen occasionally in cells very minute 
bodies called nucleoli, which some consider as being concerned in 
forming the wall of the nucleus. The nuclear formation of cells has 
l)een fully illustrated by Schleiden in the case of the Embryo plant. 
According to Mohl the nucleus is in the centre of the cell, and is at- 
tached to its walls by filamentous processes of protoplasm, as seen in 
the hairs of Tradeseantia. When no nucleus is present, the proto- 
plasm at once forms cells. This is called non-nuclear or free cell- 
formation. In both instances the formation of new cells takes place 
in the interior of previously formed cells. In progress of increase, 
nucleated and non-nucleated cells cause absorption of the walls of the 
parent cell, which finally disappears. It sometimes happens that the 
nucleus itself divides into two by a contraction in the middle, and 
each of its parts gives origin to cells. In this way a rapid multiplica- 
tion of cells takes place. In Figure 1078, ft, there is represented a 
parent or mother cell, containing two nucleated cells in its interior. 
These gradually increase, cause absorption of the walls of the parent 
cell, and become free. In Figure 1078, the parent cell still remains, 
enclosing five nucleated cells. 

584. After a cell is fonned, we often remark that its contents 
divide into two or four parts. This is accomplished by the folding 
iiiw^ards of the protoplasm ic inner linitig, tlie primordial utricle of Mohl. 
Each division forms for itself a covering of cellulose. These newly 
formed cells increase, cause a])Sorption of the walls of the parent or 
mother cell, and separate from it as distinct cellular formations capable 
of going through the same process of division. Sometimes a cell 
divides into two or more parts, each of which becomes a separate cell, 
without any destruction of the walls of tlm original one, as shown in 
Figure 1079. This is accomplished by a similar folding of the inner 
lining, and a subsequent formation of cellulose in each division, but it 
differs from the previous method of division in the circumstance that 
the walls of the parent cell remain without being absorbed. These 
modes of cell-multiplication arc called Jissiparous, or merismatic* 

585. Cells are also produced by a process of budding; in other 
words, by a continuous growth from various parts of previously formed 
cells. A cellular protuberance or mammilla apj)ears either at the apex 
or at the sides of these cells, which elongates and ultimately divides 
by a partition or septum into two, one of which is arrested in its 
development, and the other goes on elongating and dividing. In 
this way a continuous row of cells is produced, as in certain Algae 

* In cells which have not attained complete development, this innei layer may be seen, especially 
nftei long immersion in alcohol. By Ihis means it is separated from the outei covermg lodme causes 
it to assume a )ellow or brown colour. It may be tiaced m young shoots of Elder and of thei^g, in 
the roots of Monocotyledons, and in young hairs. Aftei secondary layeis of bgnme have been 
deposited in cells, the membrane loses its activity, and is no longer visible. 
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and in the Yeast plant (Fig. 1080), or a branching filament, as in 
some kinds of Confervae (Fig. 1081), and moniliform Fungi (Fig. 
1082), or a flattened thallns composed of interlacing cells, as in 
Lichens (Fig. 1020, p. 343). This mode of cell -multiplication is gem- 
miparous^ and is said to take place by a process of gemmation. 

586. Another mode in which new cells are formed is by the con- 
jugation or union of Iwo cells having diflerent contents (Fig. 1083). 
This is well seen in Zygnema and other allied plants, and it will be 
particularly noticed under Embiyogeny. Tliis process may be called 
generative cell-production. The cell developed in this way consti- 
tutes the spore or germ in the lower class of plants, and the first cell 
of the embryo in tlie liigher jdants (Fig. 910, e, p. 303). The embry- 
onic cell produces nuclei, by means of which a multiplication of cells 
is effected. 

587. The rapidity with which cells are developed in some cellular 
plants is astonishing. Ward observed Phallus impudiciis shoot up 



Fig. 1U7S. Fig. 1079. Fig 10W>. Fig. 1081. 


three inches in the space of twenty-five minutes. Bovista giganteum 
(gigantic puffball) has grown in a single night in damp weather from 
the size of a mere point to that of an enormous gourd. From an ap- 
proximative calculation, it is found that in this plant not less than 
20,000 new cells were formed every minute. Kieser calculated that 
the tissue of some Fungi augmented at the rate of 60,000 cells per 
Biinute. I/arge tracts of snow in the arctic regions and in alpine 

Fig. 1078. Nucleated cells, a. Very young leaf of Crassula obliqua, showing the parent-cell con- 
taining five nucleated cells in its interior; h, cell from the yonng hud of a species of Aloe, containing 
two cells with nuclei or cytoblasts. llie contained cells by their increase destroy the parent- 
cell. 

Fig. 1079. Portion ot acellular plant glomrrata\ showing at a the primordial utricle or 

inner cell-wall folding inwards, so as to make a septum or partition, which is represented at h in a 
completed state. Each portion of the divided cell forms a covering of ceUulose, and becomes an inde- 
pendent cell. 

IHg. 1080. Cells of the Yeast plant (Toruta cerevma-% in different stages of growth ; a, single cells 
b, cells giving off buds either at one or both ends ; c, a congeries of cells united, those at the extremities 
producing new cells in the form of cellnlar buds. 

Fig. 1081. Cells of an Alga iCh<rtophora), giving off new cells, «, by a process of budding. These 
new cells appear first as protuberances from the sides of previously formed cells. 
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districts are sometimes suddenly reddened by the development of in- 
numerable cells of the Red Snow-plant. 

588. Cellular tissue is very hygroscopic. If cellular plants, sucli 
as Sea- weeds, are dried, and then put into water, they take up the fluid 
rapidly. These plants may be sent from a distance in a dry state, and 
when moistened, they assume their proper forms. Some of them, as 
the different species of Tangle (Laminaria), have been used as hygro- 
meters. In Mosses, the cellular teeth of the peristome (Fig. 1084, 
jo), curve inwards on the application of moisture, by the distension 
of the outer row of cells. The twisting of the stalk of Mosses, 
and of the awn of the wild Oat, are accounted for in a similar 
manner. The fronds of a species of Lycopodium (L. squamatum), from 
Brazil, curl inwards in the dry season, so that the plant appears like a 
brown ball, and during the wet season they spread out so as to cover 




Fig. 1082. 



Fig. 1083. 



Mg 1084. Fig. 1086. Fig. 1086. 


the soil. The plant called Rose of Jericho (Anastatica hierochuntina), 
shows a similar hygroscopicity in its pod ; and some of the Cape 
species of Mesembryaiithemum open their seed-vessels when moisture is 
applied. In Figures 1085 and 1086, a seed-vessel is represented 
in a closed state when dry, and in an open expanded state when moist. 
The spores or germs of Horse-tails (Equisetum), are provided with 
cellular clavate filaments, which contract and expand mider the in- 


Fig. 1082. A species of Mould-fungus {Pcnicillmm), consisting of long cells, w, producing cellular 
buds, which Ibrm a continuous row of cells, p, by gemmation and division, bearing branching moniii- 
form threads, c, composed of a congeries of united cells, which seem to be formed in the same way as 
the cells of the Yeast plant. 

Fig. 1083. Cellular filaments of an Alga {Zygnma), uniting by tubes, p, wluch allow the contents 
of one cell, c, to pass into another, d, and tlius give origin to new cells, s, which receive the name of 
spores. This is called generative production of cells. 

Fig. 1084. Sporangium of the Extinguisher-moss {Encalypta), showing the teeth of the peristome, 
p, which fold inwards when moisture is applied— this movement being caused by the distension of 
the outer thin-walled cells, of which tlic teeth are composed. 

Mg. 1086. Seed vessel of a species of Mesembryanthemum in a closed state. 

Fig. 1086. The same seed-vessel, with its valves expanded, after having been moistened by water . 
'riie swelling of the inner cells causes the curvation outwards. 
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fluence of moisture and dryness, and thus assist in placing the germ 
properly in the soil (Figs. 1087 and 1088). These Equisetum spores 
are interesting objects under the microscope, and their movements are 
seen by breathing upon them. Hairs, which are composed of cells, also 
show hygroscopic properties. The Pappus of Scorzonera, and the hairs 
of Andropogon, have been used as hygrometers. 

589. Liquids pass through the walls of cells by a process of imbibi- 
tion. Thin-walled cells take up fluids very rapidly. To the move- 
ment of fluids, through membranes of different kinds, Dutrochet has 
given the names of Endosmose, or inward movement, and Exosmose, 
or outward movement.* These movements take place both in living 
and in dead tissue, and they are influenced by the nature of the fluids 
and of the membrane. The fluids on either side of the membrane 
must differ from each other in density, and they must have an affinity 
for the interposed membrane, and for each other. By the endosmotic 
process, a thin liquid passes in large quantity and with great force through 



a vegetable or animal membrane, in order to mix with a denser liquid, 
while the latter passes outwards in small (quantity by a slower exos- 
motic movement. If a unicellular plant, as one of the cells of the 
Yeast plant (Fig. 1080, p. 410), is placed in a dense liquid, the con- 
tents of the cell pass outwards rapidly, and the cell becomes more or 
less collapsed ; if, on the other hand, it is put into a thin liquid, the 
reverse takes place, so that the cell is distended. 

590. The cells of plants contain liquids of different densities, and 
hence these movements must be constantly taking place, so as to cause 
an interchange of their contents. The bursting of the seed-vessel of 


Fig. 1087. Spore of Horse-tail (Bquwtum), with hygrometne club-shapetl cellular filaments 
expanded in a dry state. 

Fig. 1068. The same spores with the liygrometnc filaments coiled round it, in consequence of the 
application of moisture 

Fig 1089. Kipe fruit of Balsam (Impaiient nolt-nte~iangrre), m its unopened condition. 

Fig. 1090. Fruit of the same plant opening by five recurved vahes. The opening and curvatiou is 
traced in part to endosmose taking place m the cells. 


Dutiodict, Recherches sur I’Fndosroosc et FExosino^e, runs, 1828 



ENDOSMUSB AMD KXOSHOSE. 418 

the Elaterium (Ecbalium Elaterium), and of the Balsam (Impatiens), 
is traced in part to the distension of cells by endosmose, which causes 
a curvation in the parts and an ultimate rupture (Figs. 1089 and 
1090). It must, however, be borne in mind, that endosmose is modi- 
fied in the living plant by the vital actions going on in the cells, and 
that it is to these actions we must refer the continued movements of 
fluids through the cell- walls. 

591. The endosmotic phenomena may be illustrated by means of 
a tube, of glass containing syrup or a saturated solution of salt, the end 
of»wh^h is covered by a membrane, such as a piece of bladder, and 
then placed in water. In this case the water will enter in such quan- 
tity into the interior of the tube, through the membrane, that, the fluid 
will rise. With a membrane about 1.6 inch in diameter, a tube of 
about inch, and syrup of density 1.083, the fluid rose, according to 
Dutrochet, more than an inch and a half in an hour and a half ; when 
the syrup had a density of 1.145, the fluid rose nearly three inches ; 
and when the density was 1.228, the rise was four inches. 

592. The force with which the movement takes place is very 
great. Dutrochet estimated that in the 
case of syrup of density 1.3, the force of 
endosmose was equal to the pressure of 4^ 
atmospheres. He used an instrument called 
an endosmometer to measure the intensity 
of the force. This instrument is repre- 
sented in Figure 1091. There is a bent 
tube, t, attaclied to a graduated scale ; the 
lower end of the tube is large, and is covered 
by a membrane. In the interior of the 
enlarged extremity syrup is placed, and« 
mercury is poured in, so as to occupy the 
lower curvature, m. When the apparatus 
is placed in water, ic, the fluid rises in 
the tube. The extent to which it pushes 
up the mercury indicates the force. 

593. In many cells there is observed a distinct motion of fluids 
and granules. Schleiden thinks that this takes place probably in all 
active formative cells at a certain stage of growth. Mold looks upon it 
as a universal phenomenon, and says that it is connected with the pro- 

» Fig. 1091. Uudosmometer or nicasiirtr of Eiidosmose used by Dutrochet It consists of a glass 
tube, t, which is twice bent upon itself, and has a large open bdl-shaped extremity, to. The portion 
of the tube below this extremity and the second curvature, m, is m idei m its calibre than that part 
which 18 attached to a giaduatcd scale, t, a portion of which only is represented in the figure. The 
open end of the bell-shaped extremity is covered with bladder, which is firmly tied ovei it. Syrup is 
then mtroduced by theonfiee at the top of the aich, and the opening is secured by a cork and wedge. 
Mercury is introduced into the tube so as to fill a portion of the loa cr curvature, as represented by 
»the daik hnes, and the syrup is made to fill the space between the mercury and the bladder. When 
thei apparatus is placed in water, w, a process of endosmose goes on by which tlic water passes lu 
large quantity through the bladder, and the force is estimated liy the extent to which the mcrciuy 
rises in the tube, t. The exosmoio ot the sjTup goes on slowly and in small quantity. There is thus 
an in-gouig strong current, and an out going w enk current. 
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toplasm, and not with the watery cell- sap. This intra-cellular move- 
ment or circulation is seen in many aquatic plants as well as in certain 
hairs. It was first noticed by Corti in Ohara* in 1774, afterwards 
by Amici in Caulinia fragilis,-}* and then by Treviranus in 1807. 
It has received the names of Rotation and Gyration, It is con- 
fined to individual cells, and its direction is more or less spiral. In 
Characeae (p. 354) this spiral intra-cellular movement is observed easily 
under a moderate microscopic power. In Ohara the axis is composed 
of elongated cells plac(‘d end to end, sui rounded by a number of small 
secondary cells, which take a spiral course lound the primary cells 
from left to right, and which aie often encrusted with carbonate of 
lime. In Nitella, another genus of Oharacese, there are no secondary 



? 1092 lig 1093 


spiral cells. The movements are most easily seen in the species of 
Nitella, which have unenci listed tubular cells. If the species of Ohara 
are employed, the calcareous covering must be removed in the first 
instance. In Nitclla flexilis (Fig. 1092) each joint, a, consists of a 

Tig 1092 Odp of the Ciiaracpfr {Nitella flexilis), consistuig of cellular tubei ivlucli form the axis 
and branchts In these elongate d cells the movement of roHlion ui gyration is observed 

Fig 1093 A small portion of a Chara magnified to show the intro*ccllular circulation The arrows 
mark the direction of the fluid and granules in the different cells The clear spaces aie parts where 
there is no movement. The circulation in each cell is independent of that m the others 

* Corti, Osservarioni microscopische sulla Tremella et sulla circolazione del fluidom una piante 
acqu^uola 

t Amici, BUT lo Caulinia fragihs — Annalcs des Sc Nat, 1st sories, ii 42 Osservaziom sulla 
oircolvioiie dtl succluo uella Chain 1813 
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single cell composed of a membranous envelope, within which is 
aiTanged a layer of green granules, covering every part except two 
longitudinal lines, as seen in Figure 1093, which remain nearly colour- 
less. During the healthy state of the plant, a constant motion of fluid 
containing granules takes place within tlie green layer, the current 
passing obliquely up one side, changing its direction at the extremity, 
and flowing down the other side. The stream takes a spiral course, 
and the ascending and descending currents are bounded by the trans- 
parent spaces already noticed, which appear to be caused by the 
adhesion of an internal membranous sac to the outer envelope. The 
space between the outer and inner wall is thus divided into two cavi- 
ties, which communicate with each other at the ends of the cell. The 
rounded bodies which are carried forward in the* circulation arc of 
various sizes, and they undergo changes so as gradually to become 
incorporated with the tissue of the cells. The fluid does not pass from 
one cell to another, and if one of the long cells is divided by a ligature, 
a separate movement is seen in each division. Eotation continues for 
some days in detached cells placed in water. 

594. In the cells of Vallisneria spiralis (Fig. 1094), a dioecious 
aquatic found in ditches in the south of 
Europe, a spiral intra-ccllular movement 
takes place, and is easily seen under 
the mici’oscope by laying a portion of 
the leaf in water, and making a slant- 
ing section of the end of it, so as to 
render the object more transparent by 
transmitted light. If the movement is 
not visible, the leaf may be immersed 
for a short time in water of the tem- 
perature of 70° or 80°. The piece of " Fig. 1094. * 

the leaf should always be prepared for an hour before it is exhibited. 
There are two kinds of cells in the plant, epidermal and parenchyma- 
tous ; the former being small, from to of an inch square, the 
latter being elongated and muriform, with their long diameter to 
of an inch, and their short diameter to It is chiefly in 

the latter that the evident movements take place. There are spaces 
between these cells containing air, which give rise to the dark longi- 
tudinal lines marking the edges of the large internal cells when seen 
under the microscope. In tlie cells there arc numerous green chloro- 
phyll grains, some starch granules, and an occasional largo nucleus, 
which are carried with a mucilaginous fluid round the interior of the 



Fig. 1094. Vallianena BpiraliSi an aquatic plant found m the south of Europe. Under this name 
however, aie included Vallisnerm Micheliana, found in Italy, and ValliBiiena Jacquiniana, which is a 
native of France, East Indies, and South America In the cells of the plant tlie movements of rota- 
tion are well seen tinder the microscope. A small portion of the leaf may be t ikon, and the ends cut 
very obliquely, so as to make a transparent object. The application of a moderate heat to the water in 
which the portion of leaf is placed often expedites the circulation, n, The male plant , 6, the female 
plant. 
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walls of each cell, as represented in Figure 1095. This movement is 
seen not only in the le^-cells, but also in those of the root, flower- 
stalk, spathe, and calyx. The movement takes different 
directions in different cells, but it seems to keep the 
same course in any given cell ; for if stopped, it resumes 
the same direction. The motion continues for many 
days in a detached piece of the leaf when kept in water. 
The rapidity of the movement varies from -J- an inch to 
5 inches per hour. According to MohUs experiments 
made at the temperature of 66^* to 68° Fahr., the ^tiick- 
est motion was 1-1 25th of a Parisian line,^ the slowest 
l-600th, and the mean 1 -185th. The nucleus moved 
with the same velocity as the granules of chlorophyll. 
The current was often quicker in one cell than in another, 
and occasionally a spontaneous stoppage took place at 
certain points.f 

595. In Vallisneria the motion ceases entirely at 
about 45° Fahr., while in Chara it goes on at a lower 
temperatime. A moderate heat quickens the circulation, 
but if above 150°, the motion ceases. It is said to go 
on even in darkness, and the presence of green granules 
does not appear to be necessary, for it is seen in the 
transparent roots of Vallisneria. Prussic acid, solutions 
of opium, of acetate of lead, and of corrosive sublimate, alcohol, acids 
and alkalies, cause cessation of the movements. In the epidermal 
cells of Vallisneria, as well as in the young shoots of Chara, there 
has been observed, under a high magnifying power, and with subdued 
light, a rotation of the globular bodies on their ovn axes. 

596. Similar movements are well seen in the cells of Anacharis 
Alsinastriim, an aquatic plant which seems to have been introduced into 
Britain from America, and is now naturalized.^ It belongs to the same 
natural order as Vallisneria, and it is much more easily procured. 
Among other plants exhibiting rotation, the following may also be 
noticed : — ^Water soldier (Htratiotes uloides) ; stipules of various species 
of Pond- weed (Potamogeton) ; transparent stipules at the base of the 
leaf-stalk of Frogbit (Hydrocharis Morsus Kanaj) ; rhizome of Arrow- 
head (Sagittaria sagittifolia). 

Fig. 1095. Large mtcmol cell of Yulhsneno. allowing the direction of the currents m mtra>ccllulai 
rotation. There is an occasional nucleus seen iii the course of the ciiculution along with the rliluro' 
phyll grams. 

• A Parisian line is = .088816 of a British inch. 

t These measurements were made by observing tlic passage of the image of a granule across the 
held of a glass micrometer hxed in the ocular, and at the same time counting the strokes of a second- 
pendulum. Mohl remarks, the smallness of these numbers may surprise many, especially when they 
are compared with the apparently considerahle velocity which the movements exhibit under the micro- 
scope . but it must be remembered that in these circumstances the motion is seen quickened several 
hundred times. 

t Sec Paper by Mr George Lawson in the Scottish Florist for April 1863 ^ ^ ^ 
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/ 597. Spiral movements of rotation are also seen in the elongated cells 

forming the hairs of the Nettle, Loasa, Pentstemon, Galeopsis, Borage, 
Melon, and other plants, as well as in the separate cells of the stamihal 
hairs of the Virginian Spider- wort (Tradescantia virginica). The hairs 
of Tradescantia assume either a blue or white colour, and are composed 
of several cells united together in a moniliform manner. In each of the 
cells the motion is seen, but it requires a higher power of the micros- 
cope than in the case of Chara, Vallisneria, and -Kachans. In every 
vesicle there is a nucleus, and there appears to be an inner and outer 
envelope in the space between which the movement of fluids takes 
place. In the hairs of Tradescantia, the velocity of the current, ac- 
cording to Mohl, varied from 1 -300th to 1 -900th of a Parisian line 
in a second, the mean velocity being 1 -500th. The nucleus required 
from a quarter to half an hour to pass through one- third or one- 
half the longitudinal axis of the cell, progressing not more than 
1 -45,000th of a Parisian line in a second, which is much too little to 
allow of the movement being seen directly, even by the application of 
the strongest magnifying powera. In the stinging hairs of Urtica 
baccifera, the quickest motion observed by Mohl, at the temperature 
66-68® Fahr., was 1 -625th of a Parisian line in a second, the slowest 
1-87 5th, the mean 1-7 50th. In the hairs of Cucurbita Pepo,' the 
quickest was 1-7 70th, the slowest 1 -2760th, the mean being 1-1 857th 
of a Parisian line in a second. The protoplasmic motion is also seen 
in the stinging hairs of the Chili Nettle (Loasa), and in the hairs of 
the corolla of Campanula Medimn. • 

598. The cause of these intra-cellular motions is obscure. They 
appear to be connected with the nourishment of the cell and the pro- 
cess of cytogenesis. Some have attempted to account for them by 
physical causes, but the explanations given are very unsatisfactory. 
Certain authors have referred the phenomenon to endosmose dejiend- 
ing on difierent densities in the cell contents, while electrical agency 
has been called into requisition by others. Amici thinks that in 
Chara the rows of chlorophyll-granules which line the walls of the cells 
exercise a galvanic action upon the sap, and thus give rise to the 
motion. The action of the nucleus has also been thought to account for 
the phenomenon. It is not connected with the general circulation of the 
sap, but is a special movement in individual cells. As yet no good 
explanation has been brought forward, and all we can say is, that the 
movements are of a physico-vital nature. 

599. Some cells connected with the lower tribes of plants move about 
in a liquid medium. Species of Oscillatoria have an undulating move- 
ment, and when placed in water in the field of the microscope, they seem 
to pass from one side lo the other. Their elongated filamentous cells 
sometimes twist, and then project themselves forward by uncoiling. 
If we take good specimens of Nostoc verrucosum newly gathered, and 
put them on a plate full of water, we find that in two or three days the 
'external pellicle bursts, and strings of cells spread out in the water, 
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and form a green pellicle at the bottom of the plate. These, when 
viewed by the microscope, arc seen to be no longer of great length and 
twisted in various ways, but divided into numerous fragments of unequal 
length, which move about in all directions with a slow but perceptible 
motion. 

600. In many Algals the cellular spores are surrounded by vibra- 
tile hairs called cilia, which continue to move for some time in fluid 
after the spore (zoospore) has been discharged from the plant (Fig. 
1096). The ciliary motions cease when the spore begins to sprout. 
The cilia sometimes pioject from one end of the sjiore (Figs. 1097, 
1098, 1, 2), at other times they surround it entirely (Fig. 1098, 3). 
Similar moving cells are seen in Stephanosphacra and other genera of 
Volvocinea*, which are now referred to the vegetable kingdom by Sie- 



bold, Williamson, Cohn, Husk, and othcis.^ Each of the mo\ing 
spores or microgonidia of these plants has ioiir cilia. 

Fig 1096 A Confenactous Alga J auchena ovoidea), consisting of an elongated rlub-shaped cell, 
from one end of which is disch irged a cellular germ or spore, provided with vihratile filaments called 
cilia, which display niovtrucnls in watti 

Iig 1097 Moving spore of a Confuva ((Aa/(^Aora), prov ded with four vibratile (ilia It is palled 
a Zoospore or Sporo/oid on account of the motions it displays for a certain time in water 

Fig 1098 /oospores or Spoio/oids of Algw, being tills pi ovidtd with moving cilia 1 Zoospore of 
Conferva glomerate, with two cilia at one end 2 Zoospore of Piolifcr i nvularis, with a tuft of cilia 
at one end H Zoospore of Vaucheria, sunounded by cilia 

Fig. 1099 Two Phytozoa, with moving cilia, contained in the anthendium of a Sca-w ecd {Fhcux 
Merratus). 

Pig 1100. Phytozoon, with two vibratile processes, from the globule (anthendium) of a species 
of Chara 

Fig 1101 Phytozoon, with cilia, from the anthendian cells of the prothallmm of a 1 em (AspU- 
mum aeptenirwnale) 

Pig 1102 Anthendia from the prothallium of the Common Brake {Ptetis aquthna) <?, An un 
opened anthendium. b, An anthendium bursting at the apex, and discharging fice cellules, each 
of which contains a ciliated spiral filament (spermatozouh , on iti exit this spiral body moves about 
actively with a rotatory motion, when seen in water under the microscope c, Aiitboiidium aftoi 
the discharge of the cellules, assuming a blown colour 


* Williamson on Volvox globator, in Memoirs of the Lit and Phil Soc of Manchester, vol ix , 
ind Quarterly Jomnal of Microscop Beienco, i 40 Busk on Volvox globator, in Quarterly Journal 
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601. In the antheridia of Cryptogamic plants there occur free cel- 
lules containing bodies called Phytozoa, Spermatozoids, or Seminal 
filaments, which have vibratile moving processes. In Figure 1099 
two of these phytozoa are represented in the antheridium of a Sea- weed 
(Fucus serratus), and in Figure 1100, a similar body is exhibited as 
taken from the globule of a species of Chara. In Figure 1101 there 
is shown a phytozoon as discharged from the prothallian cells of Ferns. 
Figure 1102 exhibits these antheridian cells in different stages of 
growth, the discharge of the phytozoary cellules being delineated at h. 
The cause of the movements of zoospores and phytozoa has not been 
ascertained. The subject has engaged the attention of many able 
physiologists, such as Thuret and Decaisne, Suminski, Mercklin, and 
Hoffineister.* 


II. FITNCTIONR OF VESSELS AND OF VASCULAR 
TISSUE. 

602. We have seen that the plant, in its earliest stage of develop- 
ment, consists entirely of cells. It is from them, accordingly, that the 
other structures are formed. Some cells become elongated, so as to 
form fusiform tubes, the walls of which are thickened and strengthened 
by deposits of different kinds, and thus give rise to woody tubes, dotted 
vessels, and fibro- vascular tissue. In connection with these vessels are 
observed nucleated cambium cells, which appear to be concerned in 

of Microscop. Science, i. 31. Cohn on a new genus of ^olvncincee, in Siebold and Kolliker’s Zeit. 
schift fur Zoologie, iv. 77 ; translated in Ann. Nat. Hist., 2d series, x. 323. 

* For fuller particulars relative to the development and functions of cells, the student may con- 
sult the following works and impers : — Alison, on Vital Affinity — Trans. Royal Soc. Edin., xvi 165, 
and XX. 885. Amid, on the Movements in Caulinia fragilis- Ann. dcs Sc. Nat., 2d sor., i. 41. Barry, 
Researches in Embryology — Philosophical Transactions, 1838, p. 301, 1839, p. 807, 1840, p. 629, 1841, 
p. 193 ; Edln. New Phil. Journal, 1847. Carpenter’s Principles of Physiology, General and Com- 
parative, p. 88. Cohn, zur I..chre vom Wachsthum dcr Pflanzen Zelle, in Nova Acta Natnr. Curios, 
xxii., 2d part, 509. llartig, Beitrago dcr Entwickelung‘!geschichte der Pflanzen, 1843. Uarting, on 
the Growth of Cells —Linniea, xix. Ilassall, on Chara, Fresh-water Algce, i. 85. Inman, on Cir- 
culation in Cells of Vegetables — Proceed. Lit and Phil. Soc. of Liverpool, No. iv. p. 26, 1848. 
Meyon, siir la Circulation du Sue Cellulolre dans les Plantes — Annales des Sc. Nat., 2d series, Bot., 
iv. 257. Mohl, Grundzugc der Anatomic und Physiologic der Vegetabilischcn Zelle ; on the Structure 
of the Vegetable Cell, in Taylor’s Scientific Memoirs, iv. 91; on the Anatomy and Physiology of 
Cells, translated by lleufrey ; sur I’Accroissement de la Membrane CeIlulaire--Botan. Zeitung, 1846, 
337, and Annales dcs Sc. Nat., 3d series, Bot., vii. 129 ; on the Movement of Fluids in the Interior of 
Cells — Bot. Zeit, Jan. and Fob. 1846; Annales dcs Sc Nat., 3d series, Bot., vl. 84; Annals of Nat. 
Hist., xviii. 61. Naegeh, on the Nuclei, Formation and Growth of Vegetable Cells, translated frem 
Zcitschrift fur Wissenschaftllche Botanik, in Ray Society’s Reports, 1846, p.213, 1849, p. 93. Pouchet 
sor les Globules Circulatoires de la Zannichellia palustris— Ann. des Sc. Nat., 2d series, iii. 39. Que- 
kett, on Valllsneria — Physlolog. Joum., i. 33, 66. Schleiden, on Phytogencsis, translated from 
MuUer’s Archiv. in Taylor’s Scientific Memoirs, i. 281 ; Principles of Botany, translated by Lankester, 
81 . Schwann, Mikroscoplscho Uhtersuchungen ueber die Uebereinstiminung in der Stmetur und dem 
Wachsthum der Thlere und Pflanzen, Berlin, 1839. Slack, on the Motion of Fluids in Plants— Trans. 
Soc. Arts, xlix. 142, 177. Thuret, sur les Zoo'^pores des Algues, &c.— Ann. des Sc. Nat., 2d series, 
Bot., xix. 206 ; 3d series, xiv. 214, Thwaites, on the Cell Membrane of IMants— Annals of Nat. Hist., 
xvid. p. 16. Ungrer, ueber die Samenthiero der Pflanzen— Nova Acta Natur. Curios., xvill. 786. 
Varley, on the Circulation in Chara vulgaris— Trans. Soc. Arts, xlviil. 387, xlix. 179. — See also other 
references to papers on Zoospores and Phytozoa of Cryptogamic plants, in notes, pp. 820 and 866. 
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their development, Barry maintains that in every instance in which 
fibres are present in tissues, he has noticed filaments of a similar nature 
in the earliest state. Agardh has recently stated that fibres are tlie 
origin of the tissues, and tliat the cell-walls are made up of bundles of 
solid fibres interwoven togetlier. In the case of Conferva Melagonium, 
Grifiithsia equisetifolia, and Polysiphonia complanata, he has shown 
in the cell-walls numerous bundles of fibres, which cross each other at 
the joints so as to form the diaphragm. They also seem to pass from 
the inner lining of one cell to that of the cells in immediate contact 
with it. The fibres are especially evident when the walls are rup- 
tured. Between the bundles of fibres there are spaces which are tra- 
versed by finer fibres, with faint tiaccs of a connecting gelatinous 
substance.^ The tubes forming the wood (Fig. 1103) are pervious to 
fluids in their young state, but their walls soon become thickened by 



Fig 1105 



lig 1103 



lig 1104 



lig 1106 1107 




Fig 1108 


deposits of lignine, and in the heartwood of trees their cavities are 
obliterated. This filling up of the tube takes place otten in a con- 
centric manner, and when it is completed, the active life of the cell or 


Fig 1103. Woody tissue, consisting of fusiform tubes, the walls of winch ore thickened by deposits 
of lignme 

Fig. 1104. Potted, pitted, and porous vessels consisting of fusiform tubes, ^ith depressions on 
thtir walls caused by the mode m which the thickemng mutter is deposited 

Fig 1105 Dotted vessels composed of cells united together, viith the partitions obliterated 
l*ig 1106 Spiral vessels from the Melon, with the bhres partially unrolled 
Fig 1107 Spiral and annular vessels from tlie Melon 
Fig 1108 Scalariform vessels of Ferns 


Agardh, De Cellula Vegetabili fibnllis tenuissimis contexta, T und^, 1852 
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tube may be considered as having terminated. The dotted or porous 
vessels (Fig. 1104) constituting bothrcnchyma, do not exist in all 
vascular plants. Thus they do not usually exist in Conifers. Their 
walls are thickened to a certain extent by deposits, but spaces are left 
of a thinner nature. Occasionally they seem to be formed, as in 
Ehubarb, by a filling up of the inter-spaces between fibres, mitil a small 
pit only remains ; or, as in Alnus serratula, by a number of lines 
arranged at first like those of a ladder, and then united by transverse 
ones forming a grating, the angles being finally filled up and rounded ; 
or, as in Populus tremuloides, by a uniform deposit over the whole 
membrane. These vessels appear to be employed in the rapid and 
easy transmission of fluids, and, according to Mori on, they are so con- 
structed as to imite the utmost possible strength with the greatest 
lightness. Some of these dotted vessels, more especially those included 
under articulated or moniliform bothrcnchyma (Fig. 1105), seem to 
be produced by the union of cells, the partitions between which are 
ultimately absorbed, so as lo form continuous tubes, with annular 
depressions on the outside, marking the points of union between the 
cells. 

603. The functions of the fibre- vascular tissue (Figs. 1106, 1107, 
1108), consisting of sjnral vessels or tracheas, and their mollifications 
(p. 27), have been long a su])ject of dispute. Early authors, such as 
Grew and Malpighi, considered them as tubes for the transmission of 
air, probably from their resemblance to air-tubes of animals. Hales* 
mentions that air-bubbles arose from the vessels of the Yine when cut, 
and Bischoffjf in his Dissertation on the Functions of the Spiral 
Vessels, says that he distinctly observed air to come from the spirals of 
Oucurbita Pepo when the stem was cut across with a very sharj) knife, 
as well as when the vascular bundles were placed under water and 
gently pressed. During the day this air was found to contain 27.9 to 
29.8 per cent, of oxygen. When the cut stem was inserted in coloured 
solutions, he foimd that the fluid in these circumstances entered the spiral 
vessels as well as the other tissues. The recent experiments of Hoff- 
mann \ confirm in a great measure these observations. He found that in 
Monocotyledons and Ferns, spiral vessels and those allied to them, such 
as annular and scalariform vessels, usually contained air in their normal 
(jondition ; but if there was a rapid and copious entrance of sap, then 
the fibro-vascnlar tissue took up liquids as well as air. When the 
roots were cut across and immersed in water, then the liquid passed 
into all the tissues, including the spirals. From all the observations 
made, it would appear that spiral vessels and their allies are recep- 
tacles for gaseous matter formed in the course of the movement of 
the sap. 

604. Laticiferous vessels (Fig. 1109) are distinguished from others 
by their branching and anastomosis. Some look upon them as inter- 

* Ualei. Vegetable Statics, p. 166, ft seg. f Bischoff, de Vasorum Spiralium functione, Bonn. 1829. 
t Hoffmann, on Circulation of Sap — Scientific Memoirs, Natural History, November 1862, 1. 
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cellular canals lined by a special membrane. Most authors believe 
that they contain the elaborated sap which has been exposed to the 
influence of air and light. The fluid contained in these vessels is 
sometimes clear and transparent, at other times opaque, from the pre- 
sence of granules of resin, caoutchouc, and other matters. In plants 
with milky and coloured latex, as the India Itubber plant (Ficus elas- 
tica), the Taban, or Gutta Percha tree (Isonandra Gutta), Dandelion, 
Lettuce, the Cow tree (Fig. 1110), Euphorbias (Fig. 1111), and 
Celandine (Fig. 1112), when examined under the microscope, evident 
movements have been perceived in the laticiferous vessels. In making 
this examination, it is necessary to fix upon a more or less transparent 
organ, and to examine it while still attached to the plant, so as to 
avoid all sources of fallacy. Tn the calyx of the Celandine, the orange- 



fig 11C)9 



Iig 1110 


coloured fluid contained in the laticiferous vessels can be distinctly 
seen, as represented in Figure 1113, moving with great rapidity, so as to 
resemble in many respects the appearduce piesented by the circulation 
in the web of a frog’s foot. In the stipule of the India Kubber plant, 
a similar motion, but usually slower and less apparent, may be detected 
without injuring the plant. These movements were noticed by Schultz, 
and were called hy him vital. Mold and others have recently at- 
tempted to show that tlie movements are merely caused by injury 
done to the tissues in submitting them to microscopic examination. 
But this will not account for those cases where the motion of the latex 
was seen in an organ without detaching it from the plant. Moi cover, 
it is by no means difficult to distinguish between the continuous rhyth- 

I ig 1109. Branching and anastomosing tubes of laticiferous vessels In them there is an evident 
movement of granules of latex, as represented in some of the tubes m the Figure, the arrows marking 
the direction of the current. 

Fig. 1110 Cow-tree of the Caraccas fc/t/tf), yielding a bland milk} ]aicr, uhich is 

used as food The milk is contained in laticiferous vessels 
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mical motion in these vessels and that caused by pressure or by injury. 
When the stipule of Ficus, still attached to the plant, is laid gently on 
a glass plate under the microscope, we may, by applying artificial 
pressure, show that the oscillation thus caused is different from the 
circulation in the vessels. The movement in the laticiferous vessels 
has received the name of Cyclosis. It seems to take place in all direc- 



Fig nil. 


tions, the currents, as sliewn in Figures 1109 and 1113, mniiing in 
contrary directions in contiguous vessels. The movement is said to 
be most vigorous in parts which arc in the progress of development. 
It is promoted by the application of heat, and it is checked by cold 


Fjg 1111. Caper Spiirgc {Jiuphorhia Lathyns), yxeldiug an aend milk) fluid, whitli ib contained in 
laticiferous tissue, and exliibits the movement of Cyclosis Wlieu the plant is m onnded in the slightest 
degree thcic is an abundant flow of milky sap. 
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and by an electric shook. Carpenter considers it as analogous to the 
capillary circulation in animals. It is not caused hj & vis a tergo^ 
because it is by no means constant in its direction, and there is no 



l\y: 1113. 


I 1112 


organ to supply a propelling force ; and it cannot be atti’ibuted to a vis 
a fronte^ like that which ojievates in causing the sap to asciuul from 
the roots to the leaves. Moreover, it goes on for some time in jiarts 
detached from the rest, uhere neither of tliesc powers can be exerted. 
There is no evidence of contraction in the vessels themselves to aceonnt 
for the phenomenon. It seems to he a peculiar vital movement con- 


hg. 1112. Celandine (CheHdouiwn maji(s), Uic laliciferous icssels oi which contain iin oriingc- 
coloured gianular fluid. In llie calyx, the movcmcnl of the giauulca can be seen under tiie micio- 
gcope. 

Fig. 1113. Portion of sepal of Celandine (Chfltdonium mnjus), showing the laticiferoiis vessels, the 
course of the currents in the vessels being indicated by the urrovis. 
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uccted with formative actions, and attributable to affinities existing 
between the tissues and the fluids concerned in nutrition.* 

605. Ee.capitulation of some of the chief points connected with the 
Physiology of the elementary vegetable tissues : — 

1. Cells are met with, to a greater or less extent, in all plants. 

2. Some plants are entirely cellular, and in them all the functions of life are carried on 

by means of cells. 

3. Living cells have the power of absorbing fluids, of elaborating secretions, and of 

forming new cells. 

4. Cells increase in size, and become altered in form and in composition, during the pro- 

gress of growth. 

6. Cytogenesis, or cell development, takes place through the medium of an albuminous 

matter called Protoplasma or Cytoblastcma. 

C. Multiplication of cells takes place either by means of nuclei (cytoblasts) developed 
within parent cells ; or by flssiparous (merismatic) division, caused by the folding 
inwards of the primordial utricle ; or by budding (gemmation) ; or by union of 
two parent cells having different contents (conjugation). 

7. Cells absorb fluids through their walls by an cndosmotic action ; and cellular tissue 

exhibits hygroscopic properties. 

8. Movements take place in the interior of cells, to whicli the name of intra-cellular 

rotation lias been given. 

9. These movements are connected with tlie nutrition of the cell and the production of 

new cells. 

(0. Undulating movements are evident in some cellular plants, such as Oscillatorias. 

11. Movements of indi^^dual cells, by means of vibratilo processes (cilia), have been 

observed in the lower classes of plants. These moving cells are called Zoospores 
or Sporozoids. 

12. Movements of spiral ciliated filaments are seen in cellules discharged from the an- 

theridian cells of many Cryptogainic plants. These moving filaments are called 
Phytozoa or Spermatozoids. 

13. Vessels arc produced from cells by processes of elongation and transformation, oi by 

the union of cells and the absorption of the partitions between them. 

14. The walls of vessels arc strengthened by ligneous deposits, which either spread 

continuously over their inner surface, or appear in the form of fibres of diflerent 
kinds. 

15. Woody tubes at first contain fluid, but their cavities are finally obliterated by depo- 

sits of lignine 

IG. Dotted or Pitted vessels usually contain sap. 

17. Fibre- vascular tissue of different kinds seems to be fitted chiefly for containing air. 

18. Laticiferous vessels contain elaborated sap, which exhibits the movement of Cyclosis. 

♦ For fuithrr rcinniks on the functiODB of vessels, the student should consult — Bnrry, on Fibre - 
Phil. 1’raris., 1848, p. 89. Bischoif, dc ver.'i Vasorum PiimtaTum Spiralium structura ct fiinctione 
conimeiUatio, Bonn, 1S29. Ifoffniaim, on the Circulation of the Sap m Plants — translated fioni Botuii. 
Zeit. m Scientific Memoirs by Ilenfrey and Huxley, parti. 1, 1852. Mobl, neber den Milclisaft und 
seine Bewetjung, &i*.— -Bot. Zeitung, Nos 33, 34, 36 (1843), also 184H, 833. Anatomy and Ph> Biology 
of the Vegetable Cell, translated by Henfrey, 94. Schultz, die Cyklosc dcr Lebensaftes in der Pfl«ui- 
zen — Nova Acta, xviu. Suppl. ii.; sur la Circulation et sur les Vaisseaiix LaUcift'rcs dans Us I’lantes. 
Tnstan, sur les Canaux Laticif^res — Annalcs des Sciences, 3d senes, Bot. i. 176. Unger, ueber die 
Genesis dcr Spiral-gcfussc — Linnica, xv. 385 
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PHYSIOLOGY OF THE DESCENDING AXIS OR ROOT. 


606. The Root is the descending system of the plant, and is the 
organ directly concerned in the absorption of nourishment from the 
soil. In its earliest state it is a cellular prolongation from an axis 
which is common to it and the stem. In cellular plants, the root con- 
sists also of cells. Root-cells are de- 
veloped in a downward direction, and 
the fibrils spread through the soi], so 
as to absorb nutriment and to fix the 
plant firmly. The additions to roots 
are made at their extremities, and 
there it is that the chief absorbing 
cells are situated, constituting what 
have been called Spongioles. The 
cellular points of roots are shown in 
Figures 1 1 14, s /?, and 1115, r. Con- 
nected with young roots llierc are 
hairs or cellular prolongations from 
the epidermis, which also absorb fluid 
food. These hairs die early with the 
epidermis from which they sprung ; 
the root then becomes covered with 
a corky layer, while its extremity 
continues to grow and send out fresh 
absorbing extremity interferes more 

or less with the proper nutrition of the plant. 

607. As plants are fixed to a spot, their food must be always 
within reach, and it is requisite that the roots should have the power 
of spreading, so as to secure renewed supplies of nutriment. A beau- 
tiful provision is made for this by the elongation of the roots taking 
place at their extremities, so that their advancing points are enabled 



Fig. 1114. rig 1115 

hairs. Any injury done to the 


Fig. 1114. Vertical section of an Orchis root, highly magnified. Tlio absorbing extremity of the 
root or spongiole, sp ; the cells, c c, gradually pass into vessels, fp. 

Fig. 1115. Burk-weed (Lmnaminot), an aquatic plant winch forms the “green mantle” of the 
pools. Tlie extrmities of the roots, r, called spongioles, are covered with a beautiful cellular sheath 
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easily to accommodate themselves to the natur. of the soil in which 
the plant grows. If roots had increased by additions throughout their 
whole extent in the same way as stems, they would in many instances, 
when meeting with an impenetrable soil, have been twisted in such a 
way as to unfit them for the free transmission of fluid. But by the 
mode of lengthening at the point, they insinuate themselves easily into 
the yielding part of the soil, and when obstacles are presented to their 
progress, they wind round about them until they reach a less resisting 
medium. They are thus also enabled to move from one part of the 
soil to another, according as the nourishment is exhausted. 

608. The root, in its growth, keeps pace with the development of 
the stem and its branches. As the stem shoots upwards and developes 
its leaves, from which water is constantly transpired, the roots con- 
tinue to spread, and to renew the delicate cells and fibrils which 
absorb the fluid re(piired to compensate for that lost by evaporation, 
or consumed in growth. Tliere is a constant relation between the 
horizontal extension of the branches and the lateral spreading of the 
roots. It is not by watering a tree close to the trunk that it will be 
kept in vigour, but by ai)plying the water on the soil at the part 
corresponding to the ends of the branches. The rain which falls on 
a tree drops from the branches on that part of the soil which is 
situated immediately above the absorbing fibrils of the roots. We 
have here, says Koget, a striking instance of that beautiful correspond- 
ence which has been established between processes belonging to dif- 
ferent departments of nature, and which arc made to concur in the 
production of such remote effects as could never have been accom- 
plished without these preconcerted and harmonious adjustments.* 

609. If the roots are not allowed to extend freely, they exhaust 
the soil around tliem, and are prevented from receiving a sufficient 
supply of food. The plants in such a case, deprived of their proper 
means of support, become stunted and deformed in their appearance. 
How often do we see plants subjected to very injurious treatment in 
green-houses and hot-houses. They are put into pots of small dimen- 
sions, and they are permitted to grow until their roots completely fill 
the pots — nay, even sometimes until they actually force the whole 
plant upwards. The gardener's attention being thus drawn to them, 
they are transplanted ; but instead of being placed in a liberal supply 
of earth, they are put into pots only slightly larger than the first, and 
by continued shiftings of a similar nature, they are kept in a state of 
starvation. Tliis restricting of the roots may, no doubt, like other 
injuries done to plants, cause them to flower for a time ; but it inter- 
rupts the growth of their branches and leaves, and destroys their 
natural habit. On the other hand, by adopting a system which gives 
the roots freedom, and puts no arrest on their devolo[)ment, we are 
imitating what takes place in nature. I'his is our best and surest 
guide, if we wish to have well-grown specimens of plants. 

* KorcI’s Biidgewfttcr TrcntiBC, on Animnl and Vogel tihle Physioloi?) 
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610. If we wisli trees to be firmly rooted, we must allow the 
branches to spread freely. When they are so planted that the branches 
and leaves of contiguous trees do not interfere with each other, and 
thus all parts are exposed to air and light equally, the roots spread 
vigorously and extensively, so as to fix the plants in the soil, and to 
draw up copious supplies of nourishment. But in crowded plantations, 
where the branches are not allowed freedom of growth and exposure, 
and the leaf-buds are consequently either arrested or feebly developed ; 
the roots, also, arc of necessity injured. They do not spread, and the 
trees are liable to be blown over by the wind ; they exhaust the soil 
in their vicinity, circumscribed by the roots of the trees around ; their 
functions become languid, and thus they react on the stem and branches, 
BO that tlie additions to the wood are small, and the timber is of 
inferior quality. In such a jHantation there is a marked difierence 
between the trees on the outside and those in the centre ; the former, 
having their bnuiches and leaves fully exposed on one side, grow with 
comparative vigour, and form excellent timber on that side of the stem 
where light and air are admitted ; while the latter, hemmed in on all 
sides, are drawn up like bare poles, producing a small amount of ill- 
conditioned wood. A crowded plantation, in which the trees are 
allowed to increase in size until they interfere with each other, cannot 
be easily reclaimed ; for every attempt at thinning in this advanced 
stage of growth is accompanied with the risk of exposure to the blast, 
which speedily levels trees having no firm hold of the soil. 

611. When the roots of different trees come into contact, it occa- 
sionally happens that they become united by natural grafting. Goep- 
pert noticed this in the case of Abies pectinata and excelsa, on the 
Alps. In such cases, after the upper part of the tmnk of the firs has 
been sawn off, the stumps have continued to retain their vitality, in 
consequence apparently of nutriment conveyed from the roots of the 
contiguous trees, with which they had become united.'^ 

612. The spreading of roots in favourable circumstances is often 
remarkable. Thus, the roots of trees and other plants, when they 
reach reservoirs of water, as wells or drains, are found to increase very 
rapidly, and extend to a great length. Drains are sometimes com- 
pletely blocked up by roots, in consequence of a single fibril entering 
at a small crevice, and then expanding into a large fibrous mass. The 
roots of the common Whin have been found extending into drains at a 
distance of six feet from the plant ; Horse-radish roots have been 
detected in a drain at the depth of seven feet ; the roots of Elm have 
filled up drains fifty yards distant from the tree, and so also roots of 
Ash, Willow, and Alder. -J* 

613. Roots, by depriving the soil of certain nourishing matters, 
render it unfit for the growth of the same species of plant, although it 

* Goeppcit, flur la formation dcB Bourrclets sur le Sapiii. — Annales dcs Sc. Xat. 2d series, 

XIX. 181 . 

t Jotiinal <»f the Royal AffncuUural Socjcly of Enj^land, i. 36-1 
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may still be able to contribute to tbe growth of other species. This is 
the principle of the rotation of crops, to which allusion has been made 
at p. 396. This exhaustion of the soil, according to Roget, affords 
an explanation of the phenomenon called fairy rings^ consisting of 
circles of dark green grass seen in old pastures.* These have been 
traced to the successive generations of certain fungi spreading from a 
central point. “ The soil which has once contributed to the supi)ort 
of these fungi, becomes exhausted or deteriorated with respect to the 
future crops of the same species, and the plants therefore cease to be 
produced on these spots ; the second year's crop consequently appears 
in the space of a small ring, surrounding the original centre of vegela- 
tion ; and in every succeeding year the deficiency of nutriment on one 
side necessarily causes the mycelium and roots to extend themselves 
solely in the opposite direction, and thus tlie circles continually pro- 
ceed by annual enlargement from the centre outwards. An appear- 
ance of luxuriance of the grass follows as a natural consequence ; for 
the soil of an interior circle will always be enriched and fertilized with 
respect to the culture of grass by the decayed fungi of the preceding 
year's growth. It often happens, indeed, during the gi’owth of these 
fungi, that they so completely absorb all nutriment from the soil be- 
neath, that the herbage is for a time totally destroyed, giving rise to 
the appearance of a ring bare of grass surrounding tlie dark ring ; but 
after the fungi have ceased to appear, the soil where they had grown 
becomes darker, and the gi’ass soon vegetates again with peculiar 
vigour. When two adjacent circles meet, and interfere with each 
otlicr's progress, they not only do not cross each otlier, but both circles 
arc invariably obliterated between the points of contact ; for the 
exhaustion occasioned by each obstructs tbe progress of the other, and 
both are starved. It would appear that different species of fungi often 
re<pure the same kind of nutriment ; for, in cases of the interference of 
a circle of Agarics with another of Fuff-balls, still the circles do not in- 
tersect one another ; the exhaustion produced by the one being equally 
detrimental to the growth of the other, as if it had been occasioned by 
the previous vegetation of its own s})ecies." Way finds that the 
fungi forming fairy-rings (biich as Agaricus oreades and gi’aveolens) 
contain a large quantity of jdiosphoric acid and potash in their com- 
position j and hence, as these are required for the nourishment of 
grass, tlie growth of fungi destroys the pasture at first. Subsequently, 
houever, when the fungi decay, tliey restore to the soil valuable 
manure, which causes a vigorous growth of herbage. J 

Gli. Roots require a season of repose. Tins is too little attended 
to in the case of plants cultivated in our hot-houses. We generally 
find that there is a constant stimulus applied in the way of heat and 


* WollHBtoi), riiil. Trana. foi 1S07, p. Ur. James Ilutton, on ccrlaiu natnml appemances ot 
Uie hiil of Arthur’s Scat, near Edin. — Tians. Hoy. Sm. Fdm. ii 3 

+ Roget, Bridgewater Treatise on Animal and Vegetable Ph\8iolo£r\, i. p 55 
t Way, on faiiy nngs in pastuies - Joiirn Eng Agne Soc mi 
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moisture, and thus the plants are kept always in an active growing 
state. We ought to imitate what we see in nature. Even in warm 
climates, where there is not the frost of winter, there is a dry season 
when the functions of plants are more or less completely suspended. 
Hence, hot-house plants ought, at certain times, to get sparing supplies 
of water, so as to bring them into a dry state. Their activity is then 
checked, and the action of tlie leaves is arrested. By this means, too, 
there is a slow accumulation of sap, and the plant is ready, when heat 
and moisture ai*e supplied, to burst forth with renewed vigour. 

615 . The roots of })lantB should not be disturbed at the time when 
they are in active operation. During the season of growth when the 
branches and leaves are pushing fortJi, the roots are also developing 
their rootlets, and constantly renewing their delicate absorbing extre- 
mities. Any attempt to transplant at this period is attended with 
serious injury, because those minute fibrils are destroyed by means of 
which the fluid transpired by the leaves is restored. It is only in 
autumn, when the rootlets cease to gi’ow, and absorption becomes 
languid, or in early spring before their activity begins, that transplant- 
ing can be prudently conducted. In transplanting large trees it has 
been customary to cut the roots all round at some distance from the 
trunk the season before they are removed. Thus an opportunity is 
afforded for the production of new fibrils, which, after transplantation, 
are ready to absorb nourishment. If, however, the transplanting is 
properly effected, there seems to be no reason why the tree should not 
be allowed to form its fibrils and sjiongioles in the new ground in which 
it is to be placed. 

616 . llecently, however, Mr. M^Glashen has introduced a method 
of transplanting, by which the plants arc (‘asily taken up, with a large 
ball of soil round their roots, in a state fit for transportation to a dis- 
tance. This process saves the trench digging and packing of tlie 
roots which were required in the plans pursued by Sir Henry Steiiart 
and Mr. AVilliam M‘Nab. It consists in driving spades or cutters into 
the soil at a prop(*r distance from the plant, so as to enclose a square 
piece of soil ; the upper portions of the iron cutters, after being driven in 
so as to be on a level with the soil, are fastened together either by 
hooks or by an iron frame, and then the handles of the cutters or spades 
are forced out from each other by means of iron bars, thus causing the 
lower portion of the spades to press inwards. In this way a mass of 
earth of a wedge-form is secured, and the whole can be easily raised 
up by means of levers or screws oji either side. I'he stem of the tree 
is also finnly held by means of iron or wooden bars passing from onc» 
side of the apparatus to the other ; and in this way a traction power 
is exerted in the centre, in addition to that at the different sides. The 
apparatus, in its simplest and smallest foiin, consists of two semi-cylin- 
drical iron cutters or spades, which are pushed into the soil separately, 
and are fastened together at the upper part of the iron portion by 
moans of hooks; the uooden handles are t]}en piislied outwards and 



SELECflVE ABSORPTION BY ROOTS. 


431 


secured in their position by a rod passing between them. The soil and 
plant are then easily taken out in one mass without any disturbance of 
the roots.* 

617. The spongioles and cellular hairs of the fibrils of roots absorb 
fluid food, and by diffusion communicate the matter absorbed to the 
neighbouring cells, and these in turn send it through their membrane 
upwards into the stem. Senebier proved by experiments that the 
absorption takes place principally by the cells at the points of the 
roots. After the corky layer is formed, the cells seem to have less 
power of taking up fluids through their walls. The imbibition by the 
roots may bo traced in part to the process of endosmose already described 
(p. 412), and in part to certain vital actions going on in the cells. By 
virtue of the chemical composition of its cell- walls and juices, and by 
vital affinity, a plant absorbs one substance more quickly than another, 
and consequently in a given time more of one than of another. 

618. That the roots of plants have a certain power of selection 
was proved by the experiments of Saussure.-}- He immersed the roots 
of plants in water, containing in solution an ecpial w^eight of two diffe- 
rent salts, and when the plants had absorbed half the water, he took 
them out and evaporated the remaining u’ater, so as to determine how 
much of the salts remained. This of course indicated what the plants 
had taken up. The salts were not absorbed in equal quantities. 
Thus, when a solution containing equal parts of muriate of soda and 
sulphate of soda was employed, the plant took up 20 grains of the 
former salt and only 7 of the latter. In the case of a solution of 
muriate and sulphate of potash, 17 gi'ains of tlie former were absorbed 
and only 10 of the latter. J This difference in the proportion of salts 
taken up was only observable so long as the roots were entire ; for 
when their extremities were cut off the saline matters were taken up 
in the same proportion. The absorption of saline matters by the roots 
of plants varies in individual plants of the same species, as well as in 
plants belonging to different species* Idie absorption, according to 
the observations of Saiissure, does not seem to have reference to the 
value of the substances as nutriment. Substances are taken up whicli 
prove injurious to plants. Trinchinetti placed different species of 
plants in mixtures of two salts — ^nitre and common salt — which do not 
decompose each other, and he found that one plant absorbed the one, 
and another plant the other salt, in preference. Thus Mercurialis annua 
and Ohenopodium viridc absorbed much nitre and little salt, while 
Saturcia hortensis and Solan um Lycopei’sicum took up much salt and 
little nitre. From a solution of sal-ammoniac and common salt, Mer- 
curialis absorbed more of the former, while tli(‘ common B(uin took uj) 

* Sec I’lgures of the apparatus in Gardener’s CUrouicIc, Maicli 12, IBT).!. 

t Saussure, Uopherches Chimiques sur la Vegetation, 247, 2dl. Si*e alto Biaconuot, Annales do 
riiimie, 1x1. 137, and Silirader, Gehleii’s Journal, v. 265. 

tin repeating llicso cxpcnuients of Saussure, it is of importance to select salts Inch do not react 
upon each other In the process ot double decomposition, otlieinisc the icsults may be complicated 
and unsatisfactory 
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more of the latter.* Dauheny coiicludcB from his experiments that 
the roots of plants, to a certain extent at least, possess a power of 
selection, the earthy constituents being determined as to quality by 
some primary law of nature, although the amount may depend on the 
more or less abundant supply of the principles presented to them from 
without.f 

619. Besides absorption, it has also been stated that excretion 
takes place by roots, or in other words, that matters which have been 
taken up from the soil, and which are not required for the use of the 
plant, are again returned by the roots. This subject was investigated 
by Macairc,J who looked upon these excretions as injurious to plants. 
The recent observations of (ryde and others, however, lead to the 
belief that the excretions of roots are in small quantity, and that they 
do not possess the deleterious properties which were attributed to them. 
It is probable that the substances given off ])y roots may be referred 
to a process of exosmose.§ It has been stated that carbonic acid is 
sometimes given off by roots. Wiegmann and Polsdoi’ff ascertained 
that, when plants were grown in quartz sand, which had, in the first 
place, been made red-hot, and had afterwards been digested in nitro- 
luuriatic acid, they fnniislicd potash, lime, magnesia, and silica in their 
ashes ; and they attributed this to the action of carbonic acid given 
off by roots, and dccomj)osing the quaiiz sand. 

620. Some roots which do not ramify have reservoirs of nutriment 
stored up in the form of nodulose or tubercular masses. This occurs 
in terrestrial Orchids (Fig, 1116), and in Dahlias (Fig. 1117). In 
the case of Spondias tu])erosa, the tubercles of the roots contain a large 
quantity of w^atery fluid. In climbing plants, such as Ivy (Fig. 124, 
p. 53), the root-like processes by which they are attached to trees or 
walls seem to be means of support rather than organs of nutrition. 
Aerial roots take up nourishment from the atmosphere chiefly. This 
is the case with the roots of many Epiphytic Orchids (Fig. 1118), and, 
in consequence of not being in a resisting medium like the soil, the 
elongation in them seems not to be confined to the extremities, as 
shown by the experiments of Lindley on Vanilla and Aerides cornu- 
tum. The roots of these Epiphytes or air-plants may derive some 
nourishment from the decomposition of the bark of the trees on which 
they grow, as well as from the decay of mosses, lichens, <fec. which accu- 
mulate around them, but their princi])al nutriment appears to be supplied 
by the water, carbonic acid, and ammonia of the air. Atmospheric food 
is that which is supplied also to the aerial roots of the Screw IMne 
(Fig. 122, p. 53), and Banyan (Fig. 121, p. 52), before they reach 

* Tnnchinetti, siilla facolta assorLentp delle radici. 

+ Daubeny on selection by roots — Linn Trans, xvu. 253. 

t Macaire-Prinsep, sur les Excretions des llacines ; Mem. de la Soc. Phys. et d’llist. Nat. dc 
Gen^ve, tom. v 287— Annales des Sc. Nat. 1st senes, xxviii. 402. Brugmans, de mutnta humomm 
m regno organico indole. 

? Gyde, on Radical Excretions— Trans, of Highland and Agricultural Society, October 1843, p. 75, 
and March 1843, p. 273. 
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the soil. Roots, when exposed to the air, lose their fibrils, and take 
on the functions of stems, so as to produce leaf-buds. This was shown 
by an experiment of Duhamel, who inserted the branches of a Willow 
into the soil, and after they were fairly rooted there, raised the natural 
roots out of the ground, so as to be exposed to the air. In this 
instance the young roots perished, and the older roots became trans- 
formed into leaf-bearing branches. 

621. Some plants, in place of sending their roots into the soil, or 
extending them into the air, have the power of attaching themselves 
to other plants in such a way as to prey upon theii’ juices. These are 
called parasites. Some of them have green leaves, such as the 
Mistleto (Fig. 125, p, 53) ; others have only white or brown scales, 
as tlie Scale wort and Broom-rape (Fig. 126, p. 54). In the former, 
the juices, after being taken up by the plant, are altered in the leaves 
by exposure to air and light. Some of these are root-parasites ; in 
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other words, become attached to the roots of other plants ; as Broom- 
rape, Eyebright, Bastard Toad-flax, and Cow wheat ; others are stem 
parasites, gi’owing by attachment to the stems of other plants ; as the 
Mistleto, Myzodendron, Rafilesia (Fig. 127, p. 54), and Dodder (Fig. 
128, p. 54).* All of them send cellular prolongations more or less 
deeply into the tissue of the plants on which they feed, and by means 
of these, which act as loots, they derive nutriment. They often cause 

Fig 1116. Boots of a terrestrial Orchid, partly in the foim of fibres, and partly m the form of 
tubercnles, ti^o of which «ire seen m the tiguro. These tubercular roots contain muth nutritive 
matter 

Fig. 1117. Large roots of Dahlia, containuig a store of nourishing matter 

Hg. 1118. An "Epipliytic Orchid, with its thickened and shortened stems, and its aenal roots, which 
elongate throughout their whole extent. 

* Griffith, on Rhi/antlis— Trans Linn Soc., iix 303 Mitten, on the Paiasitism of the root of 
Thesiura linophyllum— Lond. Journ of Bot 1847, vi 146. Decaisne, sur Ic Parasitism des Rlunan- 
thacdcs — Aunales des Sciences, 3d scries, Bot \iii 6 Bow man, on the Mode of Growth and Nutrition 
of Lathrtca sqnamaua, Scalewort — Linn Trans, xvi 399 
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great injury to the plants on which they grow. Thus the Dodders 
destroy Lint, Clover, and other crops ; their seeds are mixed with those 
of cultivated plants, and when sown with tliem, they sprout like the 
rest ; hut ere long the young plant produces suckers, which lay hold 
of the neighbouring stems, and then the Dodder acts as a true parasite, 
losing all connection with the soil. Many Fungi act as parasites by 
sending their mycelium or cellular rhizome into the tissues of living 
plants. These will be noticed when speaking of the Diseases of 
Plants. 

622 . Kecapitulation of the chief facts connected with the Phy- 
siology of Roots : — 

1. Roots are usually subterranean, and absorb nourishment from the soil, while they 

fix the plant. 

2. Roots, when aerial, absorb nutriment from the atmosphere. 

3. Parasites have roots which absorb nourishment from the sap of other plants. 

4. Subterranean roots are developed in a downward diroetion ; they increase by their 

extremities, and thus accommodate themselves easily to tlie soil. 

5. They arc at first cellular, and in the lowest class of plants they continue so ; while 

in higher plants they exhibit in their after grow'th woody and vascular tissue. 

(>. Aerial roots appear sometimes to increase throughout their whole length. 

7. The spreading of roots bears a relation to that of the branches. 

8. The evtremities of the roots, call<‘d spongioles, with tlieir cellular hairs, are the chief 

absorbing parts. 

9. The entrance of fluid into the cells of the root depends on endoamose, and also on cer- 

tain vital affinities. 

10. Roots absorb certain substances in larger quantity than others, and these vary in 

different species ; hence the necessity for rotation of crops. 

1 1 . Roots also appear to give off, by exosmose, certain matters which have not been 

applied to the purposes of plant life. 

12 Some roots, which do not spread much, have reservoirs of nourishment attached to 
them. 
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623, The stem produces buds which are developed as branches, 
leaves, or flowers. It conveys fluids in various directions, and allows 
the organs of plants to be exposed to the influence of air and light. 
In the case of subterranean stems (p. 64), the leafy and flowering 
branches are sent upwards into the aii, and they perform the fiinctions 
of aerial stems. Herbaceous stems carry on their functions for one 
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year, or for a limited period, while those of a woody nature continue 
to perform their functions for many years. While the former attain 
a moderate size, and perish after a brief period of existence, the latter 
are permanent, and frequently, as in the case of trees, acquire a great 
height and diameter. Herbaceous axes occasionally attain a large 
size, as may be seen in Bananas and Plantains (Fig, 1119). Many 

Fig 1119 Herbaceous shoot from the undergiound stem of the Banana (Musa sapieniitm). Tins 
aerial herbaceous brancli bears leaies, RovierB, and fruit, and dies after fruiting 

Fig. 1120 Larch (Lartx eutopaa^oT Ptnns LartT),a coniftr, indigciioue on the Alps of middle 
Europe Its stem reaches upwaids of 100 feet in height 
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coniferous trees, as the Larch (Fig. 1120), the ?icotch Fir (Fig. 1121), 
the Norway Spnice (Fig. 1122), the Weymouth Pine (Fig. 1123), 



lig 1124 lig 1125. 

the Red Pine (Fig. 1124), Douglas' Pine, liambort’s Pine, the Norfolk 
Island Pine (Fig. 1125) and other Araucarias, have stems varying 

Fig. 1121. Stotch Iir {Fitivs sv1vrHns\ a conifcious tree, nutne of Scotland Its Btem 8onii> 
times reaches to upwards of 100 feet in htiglit. 

lig 1122 Common Spiuc c (Awkt Pttfciy VtnvsAhtrs^ or Ahtea rtrfha), a conifeious tree of northern 
Europe, with a stem attaining tlie licight of 100 feet. 

Fig 1123. Weymouth or White Pine {Fmus SYroiwt), a Ninth Aminean conifer, with astern from 
160 to 200 feet high. 

Iig. 1124 Red Pine {Pmm rc5t>ioin), a roiiiferous tiec of Noitli Amcnca Its stem attains a height 
of 80 to 100 ftet. 

Fig 1125 Norfolk Island Pine iAranearia rrceha or AUingta erteha), an Australasian conifer, 
the stem of whuh attains the heieht of 220 or 230 leci 
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from 100 to 200 or more feet in height. Dicotyledonous foiest trees 
in Britain, such as the Oak, sometimes attain the height of 120 feet. 
Forest trees on the Continent and in America are sometimes 150 feet 



lig 1124 lig 11‘JO 

high. Monoc()1>ledonous «-iems, such as those of Palms (Figs 1126, 
1127), aie usually uiihianched, and their height is sometimes 150 oi 


lig 11‘26 Ditc riilin (/ /tzmj’ dailyhfera\ the Puira ot Scnpluri, found in PiJcsliiu cind 1 gypt 
It atlaiiis a height of 60 or GOftet 

Pig 1127 Palmy 1 a Palm {Borassns jlnhdUformti), an Indian Palm, tlit stftn of iiJnih sometimes 
attains tlie heiglit of 100 ftet 

lig 1128 llragon tiee (Dtac/vnn Diaro) of Orotava, hiMng n sUrn 70 ftd in ciicumference 
Pig 1129 Baobab tree of stern Afnci, having i stin So ftU ai ciicum- 

fereuce 
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even 180 feet. Acotyledonoiis stems, as those of species of Alsopliila, 
Dicksonia and othei Tree-ferns (Figs. 934, p. 312, and 967, p. 322), 
attain a height of 50 or 60 feet. Some cellular stems also attain a 
large size. Dr. Hooker mentions a sea- weed — Lessonia fuscescens — 
with a trunk 5-10 feet long, and as thick as the human thigh.* 
Stems often attain a great thickness. The stem of the Dragon tree 
of Orotava (Fig. 1128) is 70 feet in circumference ; that of the Baobab 
(Fig. 1129) has a circumfeience of 90 feet ; some Cedars of Lebanon 
(Fig. 1130) at the piesent day ha\c a girth of 40 feet.f Chestnut 
trees (Fig. 1131) have occasionally a ciiciimfeience of 60 feet, and 



l"!?? llg 1131 


tiees of the South American foiests are mentioned by Martins ^ith a 
girth of 84 feet at the base of the trunk. 

624. The lolloping are the measurements given by Zuccaiini of 
the stems of some conifers, showing their height and diameter, and 
the propoition which these bcai to each other — \ 


lig 1130 Ctdar of Lebanon (Ce Irus Ltbant) a coniferous tret ha^ng a stem 40 feet in curuni 
ferenct 

Fig 1131 Chestnut tjee (Castanea vesca\ having a stem which frequently attains a lirgc si/c 
Some have been measured 60 feit in tircumfcrenro The 1 jinous Chestnut of Atn i, cnlltd Castagna 
dei Cento CavoUei, is made up of several stems combined 


* Dr Joseph Hooker’s Botany of the Antarctic Expedition— Cryptogamia Antarctica, 162 
t WiJson s Lands of the Bible, ii 380 

t Zuccanni on the Morphology of the Coniferm, in Hay Socn ty’s Reports on Botany, 1846, 23 
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NAMES OF TREES. 


Diameter. 

Proportion. 

Araucaria excelsa, Norfolk-islandPine) 

220 Foot. 

24 Feet. 

1 to 9 

(Fig. 1125) . . . f 




Abies excelsa, Norway Spruce (Fig. 1122) 

180 „ 

6 „ 

1 to 30 

Abies poctinata, Silver Fir 

180 „ 

7 „ 

1 to 26 

Pinus sylvestris, Scotch Fir (Fig. 1121) 

130 „ 

6 „ 

1 to 22 

Pinus bracteata 

120 „ 

1 » 

1 to 120 

Larix europsea, Larch (Fig. 1120) 

120 „ 

12 „ 

1 to 10 

Taxus baccata, Yew 

120 „ 

18 „ 

1 to 7 

Taxodium distichum, Deciduous Cypress 

120 „ 

36 „ 

1 to 3.5 


625. The following are bome measurements of Palms given by 
Martins,* partly from cultivated specimens : — 


SPECIES. 


Acrocomia aculeata 

Acrocomia sclerocarj^a 
Cbamffiro}}i5 Immilia, va ' 
elatn or arboi escens 
Cocos fiexuosa . . 
Cocos 11 uoifera(E'ig. Ifif 
p.70) .... 

Elais guinoonsis (Fig 
180, p 87) . . . 
Euterpe cdulis . . 

Euterpe oleracea 

Livistona cliincnsis . 
Mauritia floxuosa . 
Oenocarpus Bataua . 



Length 

ot 

Caudov 
HI feet. 

Girth at 
the base 
lu feet. 

Girtli ininie- 
d lately beloM 
the lea\ cs 
m feel 

Numbei 

of 

luter- 

nodcs 

Age. 

Years 

Locality 


15 

3 

1] 

15? 

5U 

( Loddiges 
1 Garden. 


4« 

8 

4? 


80? 

Brazil. 


22 

n 

10 inches. 

1 107 ? 

140? 

f Vans 

1 Garden. 


i) 

3] 

2 


' 15 

Do. 

i' 

72» 

1 7 

41 


70 

Brazil. 

4 

n 

1 

’ 4] 

Ol 
" L 



1 Vienna 
( Garden. 


H 

4 


207 

40? 

Brazil. 


107 

M 

343 


Para. 


5 

41 

1 

57 

42 

f Loddiges 
t Garden. 


81 


1 3 



1 Amazon. 


85 

1 ' 

1 - 


.30? 

I Pai a. 


Many Palms attain much greater heights than those enumerated in this 
table. Thus, Euteri)e oleracea is frequently 120 feet high, Oreodoxa 
oleracea 130, Mauritia vinifera 150, Ceroxylon Andicola 160 to 180, 
and the slender stem of Calamus riidcntum runs among the trees of 
the forest to the length of 500 feet. While some Palms, such as 
Kunthia montana and Oreodoxa frigida, have slender reed-like stems, 
others, such as Cocos butyracea and Juha?a spectahilis, have Irimks 
which arc three or even five feet in diameter. 

626. The following are the measurements made by Mr. James 
M‘Nab of some of the Palms in the Edinburgh Botanic Garden. 
In giving the height the leafy part at the top of the caudex is 
included, along with the tub in which the plant is growing : — 

* Maitms, Histonn Natuinlis Palnmiiim, tom i 
2 G 
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Girth im- 



■ 

SPECIES 

Height 
of Plant. 

Girth at 
suiface 
of Soil 

mediately 
bbiow the 
crown ot 

Numbei 
of Kings. 

Probable 

Age. 

Spread 

ot 

Leaves. 





leaves 





leet 

tcet 

In 

Teet 

In 


VcaiB. 

Feet 

Acrocomia aculeata 

38 

2 

9 

1 

G 

98 

80 « 

18 

Areca triandra 

19 

0 

9 

0 

7 

29 

20 

12 

Caryota urens . 

42 

2 

10 

2 

0 

24 

20? 

18 

Chamacrops hurailis, 
mr. arborescens j 

20 

1 

1 

7 

1 

f. 

240 

GO ? 

9 

Cocos nucifera (Coco-nut) i 
Euterpe montana, \ , 

1 

' 3fi 

3 

3 

4 

n 

3 

0 

0 

11 

15 

74 

26 

30 1 

24 

14 

(Mountain cabbage) ) 


Livistona chinensis . . 

38 j 

5 

h 

2 

9 

86 

46 1 

20 

Sabal umbraculifera 

3G ! 

6 

4 



... 

60 ( 

28 

iSagus (Metroxylou) ) 

40 

4 

G 




30 ? 

27 

Rumphii (Sago) . f 





1 Seaforthia elcgaiis 

1 

22 

2 

2 

1 1 

1 

3 

20 

25 ? 

16 

1 


G27. means of terminal and lateial buds, stems increase in height 
and diameter. In their earliest stale tliey are composed of cellular 
tissue, in the midst of wliich there is developed vascular tissue, which 
is aminged in different wa}&, as already described (p. 69). The cel- 
lular tissue of the young dicotyledonous stem is early separated into 
two poitions — a medullary or inner, and a cortical or outer — by the 
foimation of vascular and v oody bundles, which increase in concentric 
55ones (Fig. 1182.) The medullaiy ]>ortion or pith is at first succu- 
lent, and contains much nutritive matter, but in most instances it 
])ecomes dry,^ and often breaks up into cavities, as in the stems of the 
Walnut, Jessamine, and Umbellifera?. Tii its young state, tin* pith 
seems to be a reservoir of nourishment for 
the embryo plant during its early growth. 
The sheath surrounding the pith (Fig. 1182, /) 
* contains numerous spiral vessels, w'hich extend 
up wauls and outwards to the leaves. Tn 
* ordinary circumstances these vessels contain 
air. The outer cellular portion of the stem 
constitutes the baik, which protects the other 
»' tissues, and often contains secretions, such as 
gums, resins, and alkaloids. When the bark 
is green, it seems to exercise the same functions as leaves. It is united 



1132. Iloruontal or linns verse section of .in exogenous or dicotj ledonous stem of one yem’s 
gtowili Between the pith, m, with its sheath, f, tlieic uri cambium ctUs forming a cylinder or thick 
ening /one. Ihese cells aie concerned in the foimation of wood The pith and bark are united b> 
cdlular bands, rm, called medullaiy rajs 

* Ihe diy cellniui tisfeut of the btcni is sumctimcs used tin papei, us in the case ot Hico paper or 
SchoU, m lupii IS pioductdin India fiom tlu stiniol A‘wh 3 noiiitne pnludosa m the Malay Archipc 
lago fioin 1h tt ol Sraiola Tatiada and in CJuna fioni Ih it of ^l ilia papvnlLia (I iin^ tsiiou ) 
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to the pith by medullary rays (Fig. 1 132, rm), which give a character 
to the wood. The cells and vessels of the stem are concerned in the 
circulation of sap, as will be afterwards noticed, and the woody tubes, 
when fully formed, give stability and durability to the trunk. 

628. Between the pith and bark, as well as at the extremities of the 
buds and roots, there exist cambium cells, which, according to Schacht, 
form the first stage of the vascular bundles, and give origin to the proper 
parenchyma or noiu'ishing tissue. A cylindrical layer of this cambium 
or organizing tissue is distributed in all the most perfect plants, so as 
to divide the parenchyma into pith and bark, as well upwards in the 
stem, as downwards in the root.* In Dicotyledons, this cylindrical 
layer, called by Schacht the thickening zone^ is active as long as life 
remains. It is by means of it that the stem enlarges — the cells of the 
tissue forming, toward the interior, new wood, and, toward the exterior, 
new bark (Fig. 182, p. 78). 

629. In Monocotyledons (Fig. 192, p. 88) and the higher Crypto- 
gams (Fig. 971, p. 324), the thickening zone — in other words, the 
cylindrical layer of organizing tissue — continues active only for a short 
period of time, and hence these jdarits do not enlarge beyond a certain 
point ; and at length they grow only in one direction — namely, in 
height. This thickeming layer of cambium, while it adds to the size 
of the stem of Monocotyledons, causes the increase of the vaseular 
bundles. After a certain period, however, this zone becomes woody, 
and then the vascular bundles only grow at their extremity, by means 
of unchanged cambium cells which are in immediate connection with 
the bundles. Tliis cambium of tlie vascular bundles is essential to 
them, and gives them their character. In Monocotyledons it is situated 
in the centre of the bundles, and is siUTounded by spiral, pitted, or 
woody vessels ; in (hypt ogams it surrounds the vascular bundles. The 
vascular bundles in both these classes of plants are limited, and they can 
only increase laterally by ramifying, as in Draeania and some Tree-ferns. 

630. The cambium appears to be the immediate agent in the 
development of new tissues. The origin of the cambium cells, and the 
mode in which the wood of trees is fonned, as well as the inlluence 
exerted by the leaves and green parts of plants, have long been sub- 
jects of dispute among physiologists. Grew and Malpighi tlmught 
that the new woody layers were formed by the bark, while Hales 
maintained that they were formed from the previously existing uood.f 
Dr. Hope loosened the bark of trees, and found new layers of albur- 
num formed on its inside. Duhamelj: put plates of silver between the 
woody and cortical layers, and found the new formation on the outside 
of the plates ; he also removed a portion of the bark (d‘ a plum-tree, 
and replaced it with a similar portion of a peach-tree, and after union 

* Schacht, PhyBiologischo Botaink. Die rflanzen/cllc, der mncrc Bau uud ihib Lcben der Ge'w uclise, 
Herlin, 1862. 

+ Malpighi, Opcr«, 1686, i. 28, Gi<*w, Anatomy of Plants 1(582; llnlps, Vigctiihk StuUcs, Lond. 
1727, p. 8»8. 

t nuhamel, Ln Physique dps Arhii s n, 28 
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had taken place, he ascertained that at the point of junction a thin layer 
of wood had been formed by the peach bud, and none by the wood of the 
plum. Hence these experimenters concluded that the new wood was 
produced by the bark. De Candolle, as the result of his observations, 
maintained that both the bark and the wood were concerned in the 
formation of woody matter.* All appear to agree in looking upon the 
cambium layer as concerned in the development of the wood. 

631. We have seen that recent authors have ascertained more fully 
the nature of cambium^ and that they consider it in the light of active 
formative tissue, developing cells and vessels in an upward and down- 
ward direction.f Some adopt the view that there are in reality two 
systems in plants, an ascending and a descending one ; and that what 
takes place in the sprouting of the embryo, continues to be manifested 
during the life of the plant. This view, variously modili(*d, was 
adopted by De la Hire in 1708, was supported by Darwin and Knight, 
and was particularly espoused by Auberl du Petit Thoiiars in 1806, 
and subsequently by (laudichaud and others.^ 

632. According to Petit Thouars and Gaudichaiid, we see iii the 
embryo a radicular and a caulinaiy portion, the one having a tendency 
to ascend, the other a tendency to desc<*nd. In both of these systems 
cells and vessels of different kinds occur. In Dicotyledons the ascend- 
ing system is connected witli the medullary sheath, and passes into 
I he buds and leaves, while the descending system is the woody tissue 
sent down from tlic leaves between the sheath and the baj*k. TJie 
woody fibres of the loaves, favoured by the cambium, are developed 
from above downwards. In the wood the ligneous tissue of the uj>per 
leaves enA^elopes tliat of the inferior ones, wliile in the bark the fibrous 
tissue is inserted in tin* reverse way — tlie iut(Tnal layer, correspond- 
ing also to the superior leaves, being tiie newest, ilie extension of 
the cellular tissue of the stem takes place in a horizontal or transverse 
direction. 

633. In following out thi*se views, it l)as been remarked tliat a 
Monocotyledon in its sinqdcst form may be said to consist of an axis 
(Fig. 1133, b), producing a leaf, cdj and Imd, c, at its upper ])art, and 
a root, a, below. It may be represented as a phytoii,§ or single plant 
or bud, having an axis or axial merithal, with a leaf or foliar meri- 
tlial, c, df divided into a laminar, cZ, and petiolary portion, c, the latter 
usually sheathing the axis, and a radicular merithal, a, whence roots 
are produced. This phyton is capable of producing others having a 
similar constitution ; and thus a more complicated Monocotyledonons 
))lant consists of a senes of phytons placed one above another, the 

* ])e Candolle, Phybiologie Vejjctale, i. 166. 

+ Bnascau-Mirbel, Nouvellcs Notes sur le Cambium, ruris, 1842. Mobl, sur le Cambium~Ann. 
des Sc. Nat. 2d scr. Bot. xi. 321. 

^ l)c la Hire, Expheution Physique de la direction Vcrticale dcs Tiges des Plantes, Stc. — Mem. de 
r Acad. Friuie., 1 708 ; Darwin’s Phytologia ; Du Petit Thouars, Essais sur la Vdj«dtatiou ; Gaudichuud, 
Roclicrches sur I’Orgauograpliic, la Physiologie et I’Orgnnogenie dcs V6g6tau.\, 1841. 

i Petit Thouars looks upon a Imd as a phyton or young plant, while Gamliclumd eonsiders each 
leaf ns a jihylon. 
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parts being alternate, as seen in Figure 1J34. Each phyton has a 
distinct leaf, producing a bud in its axil, or at the part where it is 
united to the axis ; it has also an ascending or foliar, and a descendiug 
or radicular system. In the case of the first phyton, the latter descends 
at once into the soil ; but in the case of the others, it passes downwards 
through the first axis before it reaches the ground, or in some instances 
it appears externally at the base of the phyton, and thus becomes for a 
time aerial (Fig. 1134, r, r). A Monocotyledouous plant thus may 
be said to consist of a series of phytons, arranged one within the other, 
with shortened axes. 

634. A Dicotyledon, on the other hand, in its simpl<*st state may 
be said to consist of an axis, producing two leaves at its summit and 
roots below (Fig. 1135). It may be represented as two pliytons 
united, the foliar merithals, c being placed opposite to each other. 
In the Monocotyledon each node produces one leaf, and is unifoliar ; 
in the Dicotyledon, two, and is bifoliar. I'his tendency to produce 
two leaves at a node does not, however, remain permanently in all 
Dicotyledons, for by the extension of internodes the foliar merithals 




frequently become alternate, A Dicotyledonous plant may be consi- 
dered as consisting of a series of phytons (Fig. 1136), which produce 
an ascending foliar system, and a descending radicular one. 

635. In the phytons or foliai types of these two great classes of 
plants, cells and vessels of difl’crent kinds aie nnited; and the phytons 
may be considered, in reference to the entire plant, precisely in tlie same 
way as the simple cell is regarded when ccmipared with the various 
tissues forming the compound individual. A phyton may be thus re- 


1 1133. A MonototylpdoiiouB phjton, conBi«<tiiig of ati axis, b, ]»iO(lu(in}» a radicular dcscenduiu; 
poitum, fl, and a bud oi Kiowin^ point, r, which la de^eloped m the i\il of a Irut, t d Accoidiiiff to 
Giiudichaud'a view, the phyton is rcpieaeuted by a leaf, of which d is the lamiiini merithul, c the pc 
tiolnry mcntlml, 6 the tigcllaiy mciitlial, and a the ladiciihi iiierith il 

lig 1134 A Monocotyledon repn gented by a senes of unifoliar phytons placed one above another 
Uach phyton has an axis, 6 V and -a leaf, erf, e* «/’, e” d'\ with a radinil u portion, a The roots of 
the upper phytons pass dow nwnrds, and sometimes .ippcar extci ually, t as oeeui a in Screw Pines, 
Palms, 8w; The growing po.nt of the axis is at e. In each leaf there is lepiesented the laminar 
mei ithal, d, and petiolary menthal, c 

lig. 1136 A Dicotyledonous phyton, consisting of two wnifoliai phytons united In this bifoliar 
phyton there is an axis, b, called by Gnndichaud a tigellary menthal, a ladieulai portion or menthal, a, 
«nd a leaf, with Its petiolai portion, r and laniinai portion, d The hud oi giowing point is at r 
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garded as an organ furnishing a type of all parts which enter into the 
composition of the nutritive and reproductive compound organs. While 
the embryo of Phanerogamous plants may bo considered as a phyton 
produced by the pioccss of rej^roductionj the bud may be reckoned a phy- 
ton produced by the vegetative process. A bud has a certain degree 
of vitality inherent in itself, and it may be called a fixed embryo, or 
one attached to the plant, and depending for its vigour upon it, but 
frequently capable of growing wJjen sepaiated fiom it. A tree is com- 
posed of a series of buds (Fig. 1137, ft), each having independent vita- 
lity, and yet all united on a common axis, on the life of which they 
depend for their continued grow th and vigour. Buds may be taken from 
one tree and grafted upon aiiothei, and in some instances buds, or bodies 
equivalent to them, separate spontaneously fiom plants, and form inde- 
pendent individuals. This lattei phenomenon occurs in Biyophylliim 
(Fig. 334, p. 141), Pinguicula, Malaxis, \ivipaious plants, and in 




the bulbils of Liliiim bulbiferum and Dentaria bulbifera. In all this 
there is a remaikablc analogy with what occuis in (Compound Polyps. 
In Sertularian Polyps (Fig. 1138), there aie numeious separate indi- 
viduals united on a common stalk, each having a certain inherent vitality, 
and yet all depending on the general life of the compound Zoophyte. 


Fig 1136 A Dicotyledon r( presented by a scries of bifoliar pliylons placed one above another, 
with tlicir axes, b b* their leaves, c d, c' d\ r’* d* Hu r ulicular portion of tlic lower pliyton is a 
those of the other pliytons pass don n in the axis 1 he growing point is < 

fig 1137 Branch of Glycine, showing literal buds, b llusi buds may ri present separate plants 
fixed on a common'^stem Gaudicliaud calls them fixed cmbiyos Each hud has a separate vitality, 
so that it can be transplanted and gr ifted on another plant , at the same time it depends for its con- 
tinued existence on the life of tlu tri < to which it is att irlu d 1 ach of these buds m ly be called 
phytons according to Petit Thouars Ihe scars of fnikn Icivis and then vessels are seen at c// 
lig 1138 riumularia pmnata, a compound Zoophyte a, ^Htur 1 l sire of the animal It may be 
compared to a tree witli numerous living buds, eich of which h is a separate vitality, but all depend- 
ing for continued existence on the life of the compound individual A portion of the compound Zoo- 
phyte 18 magnified at 6, showing the separate Zoophytes, all of which, except one, have discharged 
their ova 
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636. The Kadicular or vertical theory of wood formation has been 
supported by reference to the arrangement of the vascular bundles in 
Palms (Figs. 1139 and 1140) and Dracajnas (Fig. 1128, p. 437), and 
to the development of aerial roots from different parts of the stems of 
Screw Pines (Fig. 1141), Figs, Vellosias, and Tree-ferns (Fig. 165, 
p. 70), Many travellers, such as Gardner,* who examined Palms in 
their native countries, have espoused the vertical theory of wood foi- 
mation. In these plants the bundles of woody vessels can be traced from 
the base of the leaves, taking a j)eculiar curved direction downwards, 
and interlacing in a remarkable manner (Fig. 1139). In many Palms 



Iifr n w JUO h, un 

the fibres appear externally bui sting Ihiough the stem, and appealing 
as roofs. In the case of Screw Pines (Fig, 1141), the formaiion of 
external or adventitious roots is very lemarkable ; in Iheni the llikkness 

Fif; 11.39 Vertical section of the stem of a Palm, showing the vascnl ii bundles, f ? , ( un mg down 
WRids and mterlucing This peculiar arrange ment Bugg< sts the id( u of iimts inmifv mg 

Fig 1140 Coco-nut Palm (Cocos wicifna) hiviiig a tall, unhi inchtd stem, bpailna; i dustir of 
leaves and fruit at the top The stem increases m dumetci by the addition ot cdls and vascular 
bundles in the interior, the lattci being traced to the It iv ts, md inti rlatmg lu a rtniaik il)I( munni r 
Fig 111,1 Screw Pine {Fandanus odoraUssmns)^ showing numcious adventitious roots sent down 
fiom different parts ot the stem The stem below the points where the atrial roots apju «r is thinner 
thin above Gaudichaud thinks that these roots are m uality the vascul u Imndlts, wbn h, in place 
of passing downwards fiom the leaves m the interior of the tiunk appi .u cxtein illy lltnc t, lu says, 
aiiBcs the difference between the diameter of th< stem above mil In low 
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of the Bt#m is diminished below the points whence the roots proceed, 
W u im woody matter had^appeared externally in place of proceeding* 
Adveutitions descending roots are also seen in many of 
the Fig tribe, such as the Banyan (Fig. 121, p. 52) and Peepul tree. 
In Tree-ferns the lower part of the stem is often much enlarged by 
these aerial roots being applied closely to it (Fig. 165, p. 70). Brown 
says that in Kingia (an Australian plant) the leaves send down, be- 
tween the true stem and the bases of the petioles which form the only 
hark of the tree, a scries of adventitious roots closely covering the 
stem, and resisting to a great degree the action of external destructive 
agents, such as fire. A further development of this root stnicture is 
seen in Barbaccuia and Vellosia, where tlie whole outer part of the 
stem is made up of interlaced roots, which are traced inwards and 
upwards to the leaves. Beautiful specimens of Vellosia stems arc seen 
in the Bolanical C/ollection of the British Museum. 

6.*17. In Bananas and Plantains, fis gi-own in the liot-hoiiscs of 
Ih’itain, we often see roots proceeding from the base of the leaves 
Ibrniing tlio herbaceous shoot. Boots are to he seen proceeding from 
sound portions of tlie wood of Willow's, and running into those which 
are decayed. Mr. John Lowe mentions a curious instance of this in 
the case of a species of AVillow (Salix ^i^mnalis), near Sleaford, in 
Lincolnshire. In this tree the trunk became decayed in the centre, 
and a large woody root, IS inches iii circumference, descended from 
th(‘ upper sound portion of tlie stem through tlie rollon spongy central 
mass, and when it reached the lower part g.avc off branches, which 
extended into the soil. This radicular stem finally produced leaf-buds 
and leaves. In a large specimen of Mountain Ash at Prestonhall, 
near lOdinhurgh, tliere is an appearance which seems to confirm the 
vievv of woody matter being formed in a downward direction from 
branches. A large hraneli was broken off, lading bare the interior of 
the stern to a consid(‘rahle extent. The tree still lived, and from the 
np])or branches distinct I’oots were sent downwards, which gradually 
covered a large portion of the wound. Tlie growth was traced in a 
downward direction, and the root-like appearance of the fibres was 
quite evident. In Figure 1 142 is shown an example of fibres descend- 
ing from a hrancli in a species of Draca?na, and spreading over the 
inner w'oody hnndles, 

G3<S. (;agnat, as already noticed (p. 102), lias remarked, that the 
form of the woody portion of the stem is regulated by the arrangement 
of the leaves.* His observations sliow the importance of the leaves in 
the production of wood, and seem to support the radicular view of 
Gandichaiid. The fasciculated stems of c(M*tain climbing Sapindacca? 
(Fig. 1143) and Bignoniacea?, are referred by the latter author to 
the mode of development of the first leaves, and to the consequent 
primary arrangement of the w'oody bundles which are successively 
covered in the same order by the descending fibres from the other 

* Cagiint. BUT la disposition des leuiiles — A.un des Sc. Nat. 3d Ber. Bot ix 302 
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leaves. In these anomalous stems the central fasicle is often the most 
iwwerful, forming the mass of the stem, while the lateral bundles are 
weak, and form accessory axes. This arrangement is illustrated in 
Figure 1 144, where the buds around the end of the cutting or slip pro- 
duce separate fasciculi of fibres, a, which may represent the incipient 
oUte of such stems as those represented in Figure 1143. The fibres 
sent down from the buds cover the old fibres, 6, of tlic central fasciculus. 

639. These views of Gaudichaud and otliers have been opposed by 
many able physiologists, more especially by Mirbel, Payon, Naudin, 
and 'JVecuI. Mirbel has examined in a particular manner the develop- 
ment of the Date, and lie has been led to tlie conclusion that the 
fibres increase from below upwards, and not from the leaves down- 
wards.* He says that a Monocotyledon produces at its summit a mass 
of cellular tissue called a phyllophore, into which the vessels from the 



stem penetrate to form the vascular system ; after tliis the leaves arc 
produced. The vessels, lie says, come from the internal j)eriphery of 
the young part of the stem, and arise at all heights, and the roots have 
at first no immediate connection with the leaves. Trecul has examined 
the stems of Dicotyledons, and has been led to deny the downward 
tendency of the wood formation. He states that after the bark has 

1112. Truncatod Btonj of a Uractma after maceration, BliOM’ing tl)c tracliere, / of tlic ascend- 
ing systems of tlie stem and brnneh Tlie radicular system of tbc old stem, f, is seen in tlic form of 
fibres, and the radicular woody bundles, r, of the brunch are disposed in a grasping manner over tJiose 
of the old stem Tlie libn s, according to Petit Thouars and Guudichnud, come from the buses of the 
leaves, and belong to the descending system. 

' ,Fig. 1143. Stem of a climbing Brazilian plant belonging to tlie natural order Sapindacere It 
consuk^s of a congeries of vaseular iaseicuh separated fiom each othei by cellular tissue. The central 
bundle ib largest, and contains pith, \iith a medullary slieatli, and spiial vessels. Tlic other fasciculi 
have pith a id no spirals. The form of the stem, according to Gaudicliaud, depends on the pliyllataxis 
and on the mode m which tlie radicular woody bundles oie sent down from the leaves. 

1 ig. 1144 Slip or eutting#.of root of Madura, showing a number of buds, c, from which proceed 
radicular fibres, a, which are interposed between the baik, ft, and the fibics of the old wood. The 
young fibres are traced to the buds, and in their progress downwards they remain distinct. This 
example is brought forward by Gaudichaud as illustrating his vertical theory of wood formation, and 
as explaining the development of such stems us those rcpiesentcd in Figuic 1143. 

Miibel, Eecherches sur la structure du Dattier — ^Annaies des Sciences Nat. 2d aer. xx. 6. 
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been removed, a new layer of woody tissue and bark is formed at de- 
tached i)oints, into which the medullary rays are continued directly 
without the slightest interruption. He thinks that the woody tissue is 
a lateral develoj)ment from the already existing longitudinal cells, and 
that fresh bark is formed on the woody tissue by the development of 
cells from the tissue, while the medullary rays p(*netrate directly into 
the new patches of wood. According to him the fibro -vascular bundles 
are not continued without interruption from the extremities of the leaves 
to the rootlets ; the diameter of the stem may increase without the in- 
tervention of ligneous libres descending from the leaves or buds ; and 
the tissue of the wood and vessels, as well as the medullary rays and 
bark, are formed in situ, independently of the tissues higher up.* 

640. The production of woody fibres, without the presence of leaves, 
has been considered as being proved by the occurrence of peculiar 
woody excrescences in tlie bark of many trees, such as Oaks, Elms, 
Heeches, and (ycdars. 1'he bird^s eye Maple is said to be the timber 
cut from trees alTected with these excrescences. The bruscum of the 
Homans, so mueli prized by their cabinet-makers, is supposed to have 
b(*en Maple wood tv isted by this means into singular forms. Dutrochet 
called these knots embryo-buds, and many look upon them as an 
al)ortive sbitc of branches, the leaves of which have been only partially 
developed. Their origin is obscure, and their connection with leaves 
has not been distinctly traced, 

641. Amidst these opposing lb(‘ories, it is difficult to come to a 
<lecided conclusion. There is undoubtedly an ascending and a descend- 
ing system in plants — a stem developed in an upward, and a root in a 
<lovmward direction. Tlie leaves are also of importance in the forma- 
tion of wood, and the cambium cells an* ihc active tissue of the stem. 
Tn so far all are agreed. The points of difference are the exact rela- 
tion which the leaves bear to the woody libn‘s of the stem, and the 
direction in which these fibres are developed. '^Fhe peculiar arrange- 
ment of fibres in the stems of Palms, and the production of aerial roots 
from various stems, favour in some measure the vertical theory of wood 
formation ; while the woody excrescences occurring in the bark of 
some trees, and the production of particles of woody matter in the 
centre of decorticat(‘d portions of wood, and at the lower part of wounds, 
aj^ shown by IVecnl, seem to show that woody fibres are formed in some 
instances without any direct comiection with leaves. While the weight 
of authority is in favour of the views recently propounded by IVecul, still 
there are many facts brought forward by Gaudichaud wliich still require 
explanation, and which arc not easily accounted for, unless we suppose 
an upward and downw’ard tendency to be impressed on the tissues of 
the stem and of the buds, in the same way as on the embryo at its 
earliest growth. Physiologists in general concur in believing, that 
without the presence of leaves on the stem, no w^oody matter is formed. 

* Tr6cul, Bur I’accroissemPiit en diani^tre des vegeluux dicotyl(‘don^s ligneux— Aimnli-s des Sc 
Nat. 3d Bcr xvn. 250. 
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This will be considered in the next chapter when the functions of 
leaves are considered.* 

642. While the recent woody tubes are full of fluid, the older ones 
become obliterated by deposits of lignine or cellulose. The hearts ood 
of trees thus becomes hardened and less liable to decay than the albur- 
num ; and the durability of wood depends on the quantity of duramen 
and the nature of the ligneous deposit. This has been already noticed 
at pages 78 and 79. Hartig made some experiments on the dmability 
of timber, and he found that small parts of Lime-tree, Black American 
Birch, Alder, and trembling Poplar inserted in the soil decayed in 
three years ; (jommon Willow, Horse-Chestnut, and Platanus in four ; 
Maple, Purple Beech, and Common Birch in five ; Hornbeam, Ash, 
and Lombardy Poplar in seven ; Kobinia, Oak, Scotch Fir, Weymouth 
Pine, and Spnice Fir were decayed a little to the depth of a quar- 
ter of an inch in seven years ; while Larch, Common Juniper, Vir- 
ginian Juniper, and Arbor-vitm were not decayed at the end of seven 
years. Thin boards of the same woods decayed in the following 
order : — Platanus, Horse-Chestnut, Lime-tree, Poplar, Birch, Purple 
Beech, Hornbeam, Alder, Ash, Maple, Spruce Fir, Scotch Fir, Elm, 
Weymouth Pine, Kobinia, Oak, Jiarch. From recent observations made 
by the Duke of Bucclcuch at Oran ton, it would api)ear that the wood 
of the Greenheart-tree (Nectandra Kodiaoi), withstands decay better 
than other kinds of wood, more especially when exposed to the action 
of sea-water. 

643. Bouchcrie-l- has attempted to render the vood of trees more 
durable and hard while its elasticity is retained, to prevent warj>ing, 
and to diminish its combustibility, by causing the stem in the fresh 
state to absorb solutions of pyrolignite of iron and of chloride of lime. 
This may be done either wlien the tree is in the gi'ound, or imme- 
diately after being felled. In a growing tree he made a large opening 
in the lower part of the trunk, sawing out a portion of the stem so as 
to allow the tree to be supported only by two narrow portions of the 
wood on each side ; then by putting a w^aterproof bag around the stem 
below this large transverse opening, so that he could insert the fluid 
into it, he found that he could cause the tree to absorb rapidly a large 

* For further details regarding the physiology of the str ni, ronsult, lu addition to the u orks and 
papers already quoted, the following — ^Dutrochet, Mcraoirrs, 1861 llenfrey, on tlie strurtine and 
growth of Monocotyledons -Annals of Nat. History, 2d scr 1 . 180 Gauduhaud, repliquo a MubcJ - 
Ann des Sc. Nat 2d ser. xx..32. Knight, in Philos Tians 1808 Mirbel, sur hi natuic et I’oHginc 
dcs couches corticales du liber des aibrcs l)icotyl6dou68— Ann. des Sc. Nat 2d sci Jlot in 4.3 
Mirbcl, Rapport sur une Mcmoirc de M. Gauduhaud, relative au d6\eloppcment ct i\ rarcroisscnient des 
tiges, &c. — Ann. des Sc. Nat. 2d ser v 24. Mohl,de structura Palmaium in Wait. Gen. et Spec. 
Palmaram, trans. in Ray Society’s Reports for 1849. Auheit du Petit Thouars, sui la formation des 
Ajrbres, Pans, 1823. Naudin, sur le ddvcloppcmcnt dcs axes des vegetaux—Ann dts Sc. Nat. 3d ser. 
Bot. 1 . 162. Schlcidon, on the theory of stem formation, m W'^icgmauu’s Areluv. for 18.13. Trdcul, sur 
la structure et le d6vcloppemcnt du Nuplinr luteuni , Memoires sur I’oiigme des Bourgeons adventits. 
—Ann. des Sc. Nat. 3d ser Bot. \iii 268, Rccherches sur Porigme des r.ieincH adveiitu es - Ann 
des Sc. Nat. 3d scr. Bot. v. 840. Unger, ueber Bau und Wachstlmm dts Dikotyledonenstanimcs, 
Petersburg, 1840. 

t Boucherie, Memoire sur la Conaeruition des Bois, Pans, 1840- Ann dc Chiiuie et de Pliysique, 
Ixxiv. 118. Annales des Fonts et Chaussfics, 1811. Bouchene says, that a Poploi 92 teet higli ab- 
sorbed in six days nearly 66 gallons of a solution of pyrolignite of non 
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quantity. By this means the fermentescible sap was displaced by a 
fluid less liable to change. Sometimes he caused the tree to be cut 
down and to be placed in an inclined position, with the lower end of 
the trunk immersed in the fluid to be absorbed ; at other times the 
tree was laid in a horizontal position, while the barrel, or bag con- 
taining the fluid, was placed in a vertical position above the cut 
extremity. In the same way colour was imparled to wood by making 
the stem absorb in succession fluids, which by their union developed a 
coloured compound. Boiicherie^s plan of preserving timber was prac- 
tised on a large scale in the forest of (^ompiegne, and was favourably 
reported upon by several physiologists.* 

644. Kectipitulalion of the chief facts relative to the physiology of 
the stem : — 

1. The stem or ascending axis bears the leaves and flowers, and exposes the organs of 

plants to the action of air and light. 

2. The fluids taken up by the roots pass through the cells and vessels of the stem in 

order to reach the leaves. 

3. The height and diameter of stems vary much. Some are upwards of 200 feet high, 

and others attain a diameter of 30 feet. 

4. The c'lmbium cells arc those which are concerned in the development of new tissues. 

They have been called organizing cells. 

5. In Dicotyledons these cambium cell.s are situated between tlic wood and bark, and 

at the growing points of the stem and branches. They constitute a cylindrical 
layer called the thickening zone. They form new layers of bark on the outside, 
and new layers of wood on the inside. 

6. In Monocotyledons and the higher Acotyledons the thickening zone is active only 

for a short time, and the formative cambium colls are afterwards in immediate 
connection with the vascular bundles— development taking place chiefly in an 
\ipward and downward direction. 

7. The formation of -wood lias given ri.se to much dispute among physiologists; some 

believing that it is formed in .situ by the action of the formative cells, others con- 
ceiving that it is produced by tlie cambium cells in a descending direction, so as 
to be a radiculiu" pi'olongation from the leave.s. 

8. The first theory is called horizontal, and it has been espoused by most physiologists, 

more particularly by Duliamel, De Candolle, Mirbel, Schleidcn, Naudin, Ilenfrey, 
and Trecul. 

i). The second theory is called vertical, and has been supported by Knight, Du Petit 
Thouara, and Oaudiehaud, who look ujion it as corroborated by the production of 
aerial roots, and by the interlacing of the fibres in tlie stems of Palms. 

10. In the radicular or vertical view of wood formation, each bud of a tree is considered 

as a fixed embryo or y oung plant, producing leaves in an upward direction, and 
woody roots downwards. 

11. There is an ascending and a descending system in all plants, and it appears to be dif- 

ficult to account for some of the phenomena coiiiuctcd with stem formation, with- 
out taking these into account. 

12. Physiologists agree that the production of woody fibres depends much on the deve- 

lopment of the leaves, and that in order to produce good timber the leaves must 
be fully exposed to air and light. Cagnat has shown that the form of the woody 
stems depends on the arrangement of the leaves. 

1 3. While the woody tubes of plants contain fluids in their early state, they often become 

obliterated by deposits of lignine, as in the lieartwood of trees. 

14. Boucherie has shown that the stems of trees can be made to absorb various fluids 

which act in preserving the wood from decay. 

* Coniptos reiidus, 1840, i. 636, n. 894 , also leport by Chevallier, Decaisue, and Gaultier de 
rinubry, in 1851. 
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PHYSIOLOGY OF THE LEAVES. 

645. The leaves arc arranged upon the axis in such a way as to 
be fully exposed to the influence of air and light (Pliyllotaxis, p. 95). 
TJiey are thus enabled to perform very important functions. The 
fluids which reach the cells and vessels of the leaves undergo changes 
by which they are elaborated and fitted for the formation of various 
vegetable secretions. In ordinary plants the non-development of the 
leaves arrests the formation of woody matter and of many important 
products. Leaves have the power of absorbing carbonic acid, ammonia, 
water, and acpieous solutions. They also exhale a certain amount of 
water, and they give oft' gaseous matters, especially oxygen. Thus 
leaves, in the peiTormance of their functions, absorb and exhale watery 
and gaseous substances. 

I, ABSOKPTION BY LEAVES. 

646. When liquids are Iwought into contact with the leaves of 
plants, absorption takes place. Bonnet found that ])lants of Mercu- 
rialis, with the surface of their leaves in contact with water, absorbed 
as uell, and kept for a time nearly as fresli as those of which tlie roots 
were immersed in the li(piid. The under surface of ordinary leaves took 
up liquids rapidly in consequence of the thinness of the cuticle, the 
laxity of the cellular tissue (Fig. 1145), and the presence of stomata 
(Fig. 1146), while the thick and hard epidermis on the iqiper surface 
having few stomata, presented an obstacle to absorjflion.* The hairs 
which occur especially on the under surface of leaves, seem to act like 
cellular rootlets, and to absorb moisture. Hoflinann ascertained that 
liquids are absorbed by the leaves in large quantity, and that in such 
cases they pass downwards by the tracheae and the jirosenchyma im- 
mediately surrounding them (Fig. 1147), displacing for a time the air 
usually contained in the spiral vessels. •}• He states that after every 
fall of rain or dew there is an absorption by the leaves, and that this 
is followed by an immediate descent of sap. I’he absorption takes 
place with greater or less rapidity according to the nature of the 

* Houiiet, Reclierdies sur I’usage dcs Feuillcs dans Irs plantcs, Gottiiig. 17M. 

1 IIofFmaiin on the circulation of the sap in plants, in Scientific Memoirs— Nat Hist, i 46. 
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Tbe greatei and the moie rapid the absorption, 
so nnich the moie have the fluids a tendency to 
enter the spjial vessels. TJie absorbing power 
of the epidermis of leaves varies. When com- 
])Osed of delicate thin-wallcd (‘ells, with nume- 
rous stomata, the imbibition of licpiids is carried 
on rapidly ; but when the epidermal cells are 
haidened, and have thick walls, absorption is 
much impeded. Some gaseous matters are taken 
up rapidly by leaves. IJoussingaiilt found that 
air was speedily depnved of carbonic acid by 
coming into contact with the leaves of the Vine 
fo] a few minutes. He placed a shoot of a 
Vine, bcaiing twenty leaves, in a ghiss globe, 
and while the sun shone on the apparatus, drew 
thiough it in an hoiii fifteen litres* of atmos- 


pheric air, which contained .0004 to .00045 of caibonic acid, and at 


lig 1145 Section of n Melon leaf, perpendicular to its suifict , m, upper epidermis, which is 
often llutk, and lias f( w stomata, si below it aie partnchyniatous cells closely aggregated, with 
occasional lacuna, m, containing an , e/, the lower epidermis, which is usually thinner m its tixture, 
and presents numerous stomata and haiis, tin parinchymatous cells, pi, on the lower sides of the 
leaf are loosely aggregated, and pi escut num< runs air cav ities, I , the bundles of vessels, fp, run 
through the textuic of the leaf, p, hnrs on the surtacc Absorption of fluids and air, as well as 
exhalation, m most instances takes plact most laindly by the under suiface fhe fluids in the cells, 
interci Ilulai spaces, and \ easels of the leaf, tu elahoiated b) the agency of air and light. 

Fig 1146 Epidermis of a Lil}, showing stomata, st, which opin and dose in the performance 
ot their functions Absorption and exhalation take place ehu fly by means of stomata 

lig 1147, Vertical section of a branch, showing the mode in which the vascular tissue of the 
leaf commutticates with the c( ntre of the stem , pc pe, the parenchyma of the stem , fv, the flbro- 
vosculai tissue surrounding the pith, m, and proceeding to tlu leaf,/ c, the pulvmns, between 
f and c there is seen a depicssion indicating the points where the leaf is articulated to the stem, 
b, a bud in the axil of the leaf When the leaf falls the separation takes place at the articula- 
tion The fluids of the stem pass into the leaf, and aic thus daboiatcd under the agency of an 
and light 


A litre IS 0 22^sr»7 gallons (u 1 7(i077d pints 1 iiglisit 
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the exit of the air from the globe, the carbonic acid was dimmished 
to .0001 or .0002. Chevandier calculates that the trees of a forest 
during the five summer months in which they bear leaves, withdraw 
from the column of air around them about I -9th of its contents of 
carbonic acid.* Vogel and Wittwerf caused 1,144,730 cubic centi- 
metres J of atmospheric air to pass over a plant in the ctmrse of 
nine days; this air contained on an average 0.000380 of carbonic 
acid, and after contact with the plant it contained 0.000056 carbonic 
acid. In another experiment, carried on during a period of six days, 
they caused 1,255,350 cubic centimetres of atmospheric air to pass 
over a Pelargonium in full leaf, and they procured the following 
results : — 

Carbonic Acid. 

The air contained, during the day . 0.000539 

„ „ during the night 0.000403 

After it had passed over the plant, 

The air contained, during day . 0.000162 

„ „ during night . . 0.000267 

Tliese experiments would lead to tlie conclusion that bolh during day 
and night plants absorb a portion of carbonic acid.§ Haussure states 
that the leaves ot plants during darkness absorb oxygen gas, the 
(piantity varying in different species of plants, from a half to eight times 
the volume of the leaves in the cours(‘ of tventy-four hours. The 
leaves of fleshy and a(iuatic plants absorb, generally speaking, less 
than those of ordinary deciduous trees and shrubs. || Leaves have the 
power of taking up ammonia from the atmosphere, and, according to 
some authors, they also absorb nitrogen. 

647. Some researches have been made by (jarreau^[ in regard to the 
absorption of different liipiids by the external surfaces of plants, and 
moi’e especially by the leaves. In making his experiments, he em- 
ployed endosmometers (long tubes with large open bulbs at the end) 
of nearly ecpial calibre, the diameter of the orifice of the ball being 
in all of them about half an inch, and the diameter of the tube 
about one- twelfth of an inch. Each ejndermis, or cuticular surface, 
was fixed to the end of the endosmometer by means of a wax thread, 
and covered by wax at the margin. The fluid in the bulb of the en- 

* BousBingftult, riConomie rurale, i. (U; Molil on the Vegetable Cell - Trans. h> Ifenficy, 8*2. 

t Vogel and Wittwer dc rinllucncc de la Vegetation sur I’atmosph^re — Ann. des Sciences Nat 
3d ser. Hot. xvi 373. 

t A centimetre — 0.39370S of an English inch, 

^ Oarreau introduced a young green and leafy branch of lagojiyrum cyniosum into a glass flask 
securely closed, and connected with a caoutchouc bag containing 200 cubic centimetres of carbonic 
acid. A communication was established between the flask and the bag, and after six houis* eximsurc 
to the light of the sun, it was found that the air of the flask and bag only contained 7.') centimetres 
of the acid gas, the reet Imd been absorbed by the plant — Ann. des Sc. Nut. 3d ser. Bot. x\i 
288. 

Ii Saussuic, Bccherches Chinnques sur la VcgtHuiion, lso4, p 

H Oarreau, Recherches sui I’abgorption ct IVxhalation des suiJaces aeiicnnes des plantcs Ann 
des Sc Nat 3d sot xiii 321 
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dosmometer was a solutiou of one part of sugar, in two parts of water. 
The following table shows the cuticles employed, the nature of the 
liquid used for endosmotic absorption, the duration of the experiment, 
and the result (ascent of the fluid in the tube) obtained in each 
case ; — 


Name of «.e cjidorau. of 


1. Outer epidermis of the 
sheath of an old leaf of 
the Leek 


2 . 

3. 

4. 


do- 

do. 

do. 

do. 


The same results were obtai 

6. Outer epidermis of sheath ' 

of younjr leaf of Leek . 

7. Inner epidermis of do. . 

8. Inner epidermis of old scale 

of Onion 


Distilled water. 

> 

( Weak solution of ) 
(_ ammonia. j 

f Weak solution of ) 
(. potash. r 
( Weak solution of ) 
( acetic acid. ) 
^ Weak solution of “( 
i alcohol. j 

ned with the inner epid 




Distilled water. 
Do. 

Do. 


Same results with diluted a qua ammonite and dilut 


9. Outer epidermis of old scale 

of Onion 

10. Inner epidermis of young, 
scale of Onion ... 


Do. 

Do. 


11. 

Do. 

do. 

12. 

Do. 

do. 

13. 

Do. 

do. 


} 

i 
j 

j Solution of acetate \ 
\ of morphia. i 
( Solution of sul- ) 
( phatc of strychnia, j 
( Solution of arse- I 
nious acid. J 


Duration 

of 

experiment. 

Result in 
milli- 
metres.* 

24 hours. 

000 

24 „ 

000 

24 „ 

000 

24 „ 

000 

24 „ 

000 

1 

ermis. 


24 „ 

010 

24 „ 

; 015 

24 „ 

000 

ed acetic 

acid. 

24 „ 

000 

24 „ 

020 

24 „ 

020 

24 „ 

030 

24 „ 

020 


648. These experiments show that the epidermis of old but living 
leaves of the Leek and Onion has no endosmotic or absorbing proper- 
ties. The young epidermis, on the other hand, is endosmotic, and 
seems to lose this property as it gets old. The epidermis, therefore, 
seems to be permeable by fluids only in the case of young leaves. 
The absence of absorption in the epideimis of old leaves is attri- 
buted by (xarreau to the fatty or waxy matter which covers them, 

* A millimetre is equal to 0 ^3937079 of an English inch, or nearly l-‘25. 
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and with which they are impregnated. In Fenilaidtingitana it was 
found that the epidermis of the sheathing portion, which contained fatty 
matter, did not absorb until it was washed with soap and water. The 
upper surfaces of leaves which did not absorb liquids in their ordinary 
state, became absorbent when thoroughly cleaned and washed either 
with water alone, or with soap and water. Kain, by its effect on the 
surfaces of leaves, may thus increase their absorbing power. The 
epidermis of the bark of young shoots, where there is only a small 
quantity of fatty matter present, absorbed water, and when the epi- 
dermis was removed the absorption was much increased. 

649. Garreau says that the results he obtained were not influ- 
enced by the number of stomata, for the kinds of epidermis which 
absorbed most, belonged to such plants as Potamogeton lucens, in 
wliich no stomata exist. His conclusions are: — 1. The cuticle pos- 
sesses a decided endosmolic property, the intensity of which is greater 
the younger the organ which it covers ; when leaves become old they 
seem to lose their absorbing power. 2. The absorption of the cuticle 
is greater the less there is of fatty or waxy matter in it. 3. The 
cuticle which covers the stq)erior surface of the ribs, and more esj^e- 
cially that which covers the petiole at the point where it joins the 
stem, is that part of the foliar sniface whicJi has the most marked 
power of absorption. 4. In some instances in which the cuticle or 
outer skin is absorbent, the epidermis or inner layer of integument 
presents obstacles to absoiption. 5. Simple v^ashing with distilled 
water, more especially washing with soap and water, augments the 
absorbing property of leaves. 6. When leaves have lost their power 
of absorbing water, they can still take u]) caibonic acid. 


Tl. EXHALATION BY LEAVES. 

1 EXHALATION OF WATERY FLUID, OR TRANSriRATlON 

650. The leaves of plants, in the perfonnance of Ihcir functions, 
give off a quantity of watery fluid. This constitutes what is commonly 
called transpiration. The quantity of liquid transpired varies accord- 
ing to the structure of the leaves and the nature of the climate. When 
the texture of the leaf is hard and dry, as in Banksias, Proleas, and 
many other Australian plants, or the skin co\ering flic leaf is thick 
and dense, and has few stomata or pores, as in the Anun’ican Aloe and 
the Oleander (Fig. 1148), the amount of transpiration is comparatively 
small. In this way certain succulent plants, as Cactuses (Fig. 1149), 
are enabled to withstand tlie effects of dry and hot climates, without 
being destroyed by the greiit loss of W'ater by exhalation. The thick 
covering of hairs on some leaves, as on those of Culcitiiim, setmis to be 
connected also wdth the amount of transpiration. Some very hairy 
plants, as Verbascum 'Id)a})sus, Shejdierds Club, have been knoAvn to 
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resist the effects great drought. The hairs have the power of becom- 
iug more or less erect, and of absorbing the dew, while in dry weather 
they lie flat on the surface and hinder the passage of fluid. In leaves 
with a very thin epidermal covering or skin the exhalation is great. 

651. Schacht remarks that in the epidermis of plants the external 
sides of the cells become thickened generally more than the internal. 
They offer, especially when corky, resistance to the evaporation of the 
liquids in the parts filled with sap. They would completely prevent 
transpiralion, were it not for the presence of stomata, which allow 
gaseous and vaporised substances to be exhaled as well as absorbed. 
The epidermis of the stem, as soon as it dies, is replaced by cork. 



Hg 1148 Fig 1149 


which, when completely formed, prevents all transpiration, although 
by its porosity it may condense gases at the surface of the plant. The 
presence of corky matter in the cell-walls, which has been noticed by 
Mitscherlich (page 31), may thus materially modify the functions of 
absorption and exhalation. In order that leaves may perform their 
functions properly, there must be a certain degree of exhalation. 
If from the leaves being covered with soot or dirt, or with the cottony 
productions of scale insects, the proper amount of exlialation is pre- 
vented, much injury is done to the plant. Hence, the importance of 
having the leaves of plants, when growing in hot-houses and conser- 
vatories, well washed and cleaned, in older that they may perform their 
healthy functions. 

Fig 1148 Rose-bay {Nenum Oleander), with lanceolate leaves, the upper epidermis of which is 
vdry dense, and resists exhalation 

Fig 1149 Cochmeal-Cactus {Opmtta cochmellifera), a succulent jdant, the epidermis of which 
resists exhalation of liquids. On this plant the cochineal insect feeds The male insect is represented 
aia It is the female which suppbes the cochmeal 
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652. The passage of vapour through the pores of the leaf is an 
imperceptible process, which is constantly going on, and the existence 
of it is ascertained by its effects. Woodward endeavoured to ascertain 
the quantity of watery fluid transpired by leaves, by placing four 
plants of Sj)earmint, with their roots in waterj^ in a situation fully 
accessible to light, during fifty-six days, from 2d June to 28th July. 
The following table shows the quantity of water absorbed (allowance 
being made for evaporation), and the quantity exhaled : — 



1 

Original Weight 

Gant 

Water expended 

Difference, oi 
Water exhaled 

No. 1. 

127 grs 

128 grs. 

14,190 gr*? 

14,062 grs. 

No. 2. 

110 „ 

139 

13,140 „ 

13,001 „ 

No. 3. 

74 „ 

168 „ 

1 10,731 „ 

10,563 „ 

No. 4. 

1 

9a „ 

284 „ 

14,950 , 

14,666 „ 


These experiments show that a large proportion of the absorbed fluid 
is again given out by transpiration.* Hales made various experiments 
on the amount of exhalation.-J- He found that a common Sun-flower, 
3^ feet high, weighing 3 lbs., with a surface of leaves equal to 5616 
square inches, exhaled 20 ounces of liquid in the course of a day ; a 
Cabbage plant, with a surface of 2736 square inches, was found to ex- 
hale, on an average, 19 ounces ; a Vine of 1820 square inches, from 
5 to 6 ounces ; and a Ijemon-tree of 2557 square inches, 6 ounces 
per day. The following are the results of these experiments on 
exhalation or transpiration from equal areas : — 


NAME Oh PLANT 

1 line of Expenment 

Vine .... 

12 hours, day. 

Sun- flower 

A day and a night. 

Cabbage . . . 

12 hours, day. 

Apple-tree . . 

12 hours, day. 

Lemon-tree . . 

12 hours, day. 


Uepth of Trauspiration 


of an inch. 


Hales remarked that Evergreens exhaled less than plants with deci- 
duous leaves, and he associates this with their capability to endure the 
cold of winter. 

653. Professor Burnett^ endeavoured to determine the amount of 
exhalation by putting fresh plants into a glass vessel graduat(‘d so that 
the quantity of water put in might be accurately known, and the quan- 

* Woodward, ThonghU and Expenments on Vegetation— Philosophical Transactions fw 1699, 
XXI 193 

t Hales, Vegetable Statics, p 4 
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tity lost might be ascertained by the change in its height — the surfac(* 
of the water being covered with a stratum of oil half an inch thick, 
which closely invested the stalks and prevented evaporation from the 
surface of the water. A leaf of a Sun-flower, weighing 31^ grains, 
treated in this manner, absorbed in four hours 25 grains of water, and 
at the end of the time it had only increased in weight by 4^ grains, 
so that 20^ grains had disappeared by exhalation.* 

654. Professor Henslow has proposed the following three sets of 
experiitionts on exhalation, each of them requiring two tumblers, one 
two-thirds full of water, the other empty. Place a card, or a piece of 
stiff paper varnished with a solution of shell-lac in alcohol, over each 
of the three tumblers containing water, large enough to cover it com- 
pletely ; then place an empty tmnbler, mouth downwards, upon each 
of the cards. Call the three sets of experiments A, B, and 0. Make 
a top to one of the sets of tumblers, B, by rolling round them two or 
three folds of thick paper, sufficieni to prevent light from penetrating. 
Drill a hole in the middle of each card, just large enough to admit a 
leaf stalk (say of Ivy). In each hole insert the stalk of a leaf, so as 
to dip into the water in the lower tumbler, whilst the blade of the 
leaf is enclosed in the inverted empty tumbler. Place A and B in the 
direct rays of the sun — B with the cover on ; place C in clear day- 
light, but removed from the influence of the direct rays of the sun. 
In less than flve minutes the empty tumbler of A will be coated on 
the inside with a cloud of dew ; but on taking the cover off B, it will 
be seen that no dew is there, neither as yet will any be found in the 
empty tumbler of C. If B be again closed, and matters left as before, 
the dew will be found to increase rapidly in A, and after sonie time a 
little will be seen in In B none wdll be found, except that occa- 
sionally there wdll be seen a deposit on the side of th(‘ empty tumbler 
opposite to the side on wdiieh the sun has been shining. In A the 
dew arises from the rapid exhalation of steam from the leaf when ex- 
posed to the direct rays of the sun, and the vsupply is ke})t up through 
the leaf-stalk. In C the exhalation is not so rapid, from want of the 
direct rays of the sun; while in B there is none, in consequence of the 
leaf being in the dark. The steam occasionally seen in B arises from 
mere evaporation from the leaf and card, Ac. — this steam being depo- 
sited on the cooler side of the tumbler, or the one opposite to that on 
which the sun’s rays fall ; it is the effect of common evaporation and 
subsequent condensation. The same thing takes place in the U 2 )per 
part of the lower tumbler, immediately above the water. The steam 
which rises there condenses on the side opposite to the sun, which is 
kept cool by being shaded by the card above it. In A the moisture 
continues to accumulate over the whole surface of the tumbler, and is 
due to the light, rather than to the heat of the sun. These experi- 
ments lead to the conclusion that exhalation is due to the combined 

* Barnett on the development of the spveial oi^omr s^i.tcn^s of \ eject ublcs, in Journal of Ro\uI 
Institution of Great BritHin^ i B ) 
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effect of light, and the vital power of the leaves.* The illuminating 
rays, according to Daubeny, have much more effect in this respect 
than the heating rays.f 

655. The amoimt of light must have a powerful influence in 
regulating exhalation, t This amount, we know, is very different 
in different quarters of the globe. It has been stated that a ver- 
tical ray of light in its passage through the clearest air, loses at 
least one-fifth of its intensity before it reaches the earth’s surface. 
From this cause and from the actual coiulition of the atmosphere, it 
has been estimated that, under the most favourable circumstances, of 
1000 rays emanating from the sun, only 378 on an average penetrate 
to the surface of the earth at the Equator, 228 at latitude 45**, and 
110 at the Poles, while in cloudy weather these several proportions 
are a great deal less. Hence, the stnicture of leaves requires 1o 
be adapted to the various degrees of exhalation produced in these dif- 
ferent conditions. When the first rays of the morning sun rouse the 
dormant energies of the leaves, they begin to exhale ; but at that time 
of the day the temperature of the air is so cool, tliar the steam con- 
denses as fast as it is discharged, hence, in the morning, there is much 
moisture on grass, totally independent of dew. If a jdant is kept in 
darkness it soon becomes dropsical, because the roots continue slowly 
to absoib moisture, wliile the leaves have no ))ovver to exhale it. 1'he 
moisture and dryness of tlio atmosphere have an effect on exhalation, 
’riio drier tlie air llie more do plants absorb and exliale. § 

656. Garreau^ made a series of expeiiments on the exhalation of 
leaves, by enclosing a Ining leaf between two bell -jars, one applied to 
the upper, and the other to the under surface, and ascertaining the 
quantity of liquid exlialed hy means of chloride of calcium, which absorbs 
water with great rapidity. He found lliat the exhalation from the lower 
surface of the leaf was usually double, and even triple or (quadruple, 
that of the upper surface. Hie same results were obtained even when 
the leaf was reversed. The quantity of water exhaled has a relation 
to the number of stomata. 'Jlie exhalation is greater at the line of 
the ribs, or at the part of the epidermis where there is least fatty oi 
waxy matter. The secretion of this matter in abundance during the 
warn days of summer, may tend to prevent the plants being injured 
by rain and by the heat of the sun. By impeding exhalation, it tends 
to retain the moisture which is necessary for the functions of the leaves. 

657. The difference of the exhalation is seen in the following 
table, in which lea\es of the same plant were exposed to tlie air, some 

* Dutrochet thinLs that the effect of light in causing transpiration is the cause of the incurvation of 
stems when exposed on one side to light 

t Daubeny, on the effects of Liglv^ upon Plants —Phil Trans for 1836, p 149 Philosoplucal 
Magasiue,*1836, p. 416 

1 While evaporation goes on independently of \ itcdity, and is regulated entirely hy tlie moisture 
and dryness of the atmosphere, exhalatiou is a chemico-vital action, winch is gpecially influenced 
by light. 

i Miquel, Bur I’Exhalaison dcs !< euilles. — Ann des Sc Nnt 2d sei xi 43 

f Annales (le<? '^eienccs Nat 3d ser Bol xiii 335 
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of them with the surface wiped, so as to take off a portion of the 
fatty covering, and others with the surface in the natural state : — 




Weight 

Weight after 


NAMES OF PLANTS. 

SIX hours’ 

Difference. 



Leaf 

exposure to air. 


Centranthus ruber (Red 

f Rubbed 

1.00 

0.70 > 

0.10 

Valerian) .... 

(. Natural 

1.00 

0.80 j 

Clematis Vitalba (Travel- 

( Rubbed 

0.50 

0.301 

U.IO 

ler’s joy), two leaflets 

( Natural 

0.50 

0.40) 

Syringa vulgaris (Lilac) 

f Rubbed 
1 Natural 

0.80 

0.80 

0.65 1 
0.76) 

0.10 

Convallaria majalis (Lily 

r Rubbed 

3.00 

2.90 \ 

0.05 

of the Valley) . . . 

\ Natural 

3.00 

2.95) 

Sedum verticillatum (Ver- 
ticillate Stone-crop), 16 

} Rubbed 

J Natural 

2.00 

2.00 

1.70 \ 
1.90 ) 

0.20 

1 

hours in the air . . 



1 

Gentiana lutea (Yellow 

( Rubbed 

3.50 

3.20 \ 

0.20 ! 

Gentian), two bracts 

( Natural 

3.50 

3.40 ) 

Iris florentina (Orris-root 

f Rubbed 

13.50 

11.70 ) 

0.60 1 

Iris), 24 hours . . . 

( Natural 

13.50 

12.30 ) 


658. Similar results, hut more marked, were obtained when the 
surfaces of the leaves were washed with soap and water, care being 
taken to note the weight before and after the washing, for it some- 
times happens that a small (juantity of water enters through the epi- 
dermis covering the ribs, and through the stomata. The following 
table shows the exhalation from natural leaves, and from those whose 
surface had been cleaned with soap and water : — 


NAMES OF PLANTS 


f Cleaned 

Syringa vulgaris (Lilac) < " itli soap 
( Natural 

Clematis in tegrifolia(En- ( Cleaned 
tire-leaved Clematis) ( Natural 
Acer Pseudo -platanus f Cleaned 
(Sycamore) . . . i Natural 
Centranthus ruber (Red ( Cleaned 
Valerian) . . . 1 Natural 

Phlox paniculata (Pan- f Cleaned 
icled Phlox) ... I Natural 
Stachys sibirica (Sibe- f Cleaned 
1 ian Stachys . . . t Natural 


1 Weight 

1 ot natural i 

Weight 

after 

Weiglit after 
16 hours’ 

1 

1 

IjOSS 

Leaves 

washing 

exposure 
to air. 

0 07 

0.70 

! 0.29 

0.38 

().(i7 

— 

0.45 

0.22 

0.17 

0.62 

0.14 

0.33 

0.47 

— 

0.21 

0.26 

4.00 

4.05 

1.85 

2.16 

4.00 

— 

3.10 

0.90 

1.30 


0.30 

1.00 

1.30 

— 

0.40 

0.90 

0.50 

— 1 

0.32 

0.18 

0.50 1 

— 

0.36 

0.14 

0.71 1 

— 

1 0.19 

0.52 

0.71 1 

— 

0.55 

0.16 
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The waxy or fatty matter of the epidermis seems to have a marked 
effect in preventing too copious exhalation, and thus, in the plants of 
warm countries, it operates in keeping the leaves and stems of plants 
in a succulent state. The conclusions which M. Garreau draws from 
his experiments on exhalation of fluids are — 1. The quantity of water 
exhaled by the upper and under surfaces of the leaves is usually as 
1 to 2, 1 to 3, or even 1 to 5 or more. The quantity has no relation 
to the position of the surfaces, for the leaves, when reversed, gave the 
same results as when in their natural position. 2. There is a corre- 
spondence between the quantity of water exhaled and the number of 
the stomates. 3. The transpiration of fluid takes place in greater 
quantity on the parts of the epidermis where there is least waxy or 
fatty matter, as along the line of the ribs. 

659. In some plants, when water is supplied abundantly, there is 
a sort of distillation of liquid from the leaves. Arendt noticed this in 
a stalk of Urtica dioica when immersed in water. The liquid passed 
upwards in the grooves on the upper surface of the petiole, followed 
the ribs of the leaves, and then dropped from the apex of the leaves.* 
G^aertner observed a peculiar dropping from the leaves of Richardia 
africana (Calla £ethiopica).*f* From the extremity of the leaves of 
this plant a watery fluid has been observed to drop in considerable 
quantity. The amount varies at different periods of tlie day, being most 

copious after mid-day. It ceases 
with the development of the 
spathe and organs of reproduc- 
tion. A similar watery secretion 
has been noticed in other Arace- 
ous plants, such as Arum Colooa- 
sia and a plant called Caladium 
distillatoriuni ; the water in these 
instances flows from an orifice 
near the point of the leaf, upon 
the upper surface, in which ter- 
minates a canal running along 
the margin of the leaf, while 
smaller canals, running along 
the principal ribs, open into 
the marginal one. Williamson found that from each healthy leaf of the 
latter plant about half-a-pint of liquid dropped during the night. J 
Water also drops from the margins of the leaves of Canna indica, angus • 

Fig. 1160. Pitcher or ascidium of a Pitcher-plant {Nepenthes dxsUllatoria)^ containing u Bccrelion 
which holds saline matters in solution. 

Ii’ig. 1161. Pitcher of a species of Side-saddle plant {Sarracenia purpurea), containing a watery 
secretion in its interior. 

* Arendt, lleclierchcs sur I’activitfi capiUaire des tegumens extcrieurs dc quelques plantes^Anii 
des Sr. Nat. 2d ser. Bot. xix. 827. 

+ Gaertner, Pflanren physiologische Unterauchnngen, fcc.in llora, 1842. Wilson, Phytologist, i,612 

t Schmidt, in Linnsei, vi 66, Williamson on Caladium distillatorium, in Annals ol Nat, 

2d senes, i 188. 
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tifolia, and latifolia. In the hollow leaves of plants, such as Nepen- 
thes (Fig. 1150), Sarracenia (Fig. 1151), Disohidia, and (lephalotus, 
a quantity of watery exhalation accumulates. Voelcker analyzed the 
liquid in the pitcher of Nepenthes, and found it to consist of water, 
containing in solution malic acid and a little citric acid, chloride of 
I)otassiiim, carbonate of soda, lime, and magnesia.^ 

660. The exhalation of watery fluid from the leaves of plants 
influences the climate of a country. Humboldt remarks, plants exhale 
water from their leaves, in the first place, for their own benefit. But 
various important secondary effects follow from this process. One of 
these is maintaining a suitable ])ortion of humidity in the air. Not 
only do they attract and condense the moisture suspended in the air, 
and borne by the wind over the earth^s surface, which, falling from 
their leaves, keeps the ground below moist and cool ; but they can, by 
means of their roots, pump it up from a very considerable depth, and, 
I’aising it into the atmosi)here, diffuse it over the face of the country. 
Trees, by the transpiration from their leaves, surround themselves with 
an atmosphere constantly cold and moist. They also shelter the soil 
from the direct action of the sun, and thus prevent evaporation of the 
water furnislied by rains.-]- In this way they contribute to the copious- 
ness of streams. When forests arc destroyed, as they are everywhere 
in America by the European planters, with an imprudent precipitation, 
the springs are entirely dried up, or become less abimdant. In those 
mountains of Clrecce which have been deprived of their forests, the 
streams have disappeared. The inconsiderate felling of woods, or the 
neglect to maintain them, has changed regions noted for fertility into 
scenes of sterility. The sultry atmosphere and the droughts of the 
Cai)e de Verd Islands arc attributed to the destruction of forests. It 
is stated that in large districts of India, climate and irrigation have 
ra 2 )idly deteriorated from a similar cause, and that the government are 
now using means to avert and remedy the mischief. In wooded 
countries, where the rains are excessive, as in llio J aneiro, the climate 
has been improved by the diminution of the trees. Gardner says, that 
since the axe has been laid on the dense forests surrounding the city 
of Rio .faneiro, tlio climate has become dry. In fact, so much has 
the quantity of rain diminislied, that the Brazilian government was 
obliged to pass a law prohibiting the felling of trees in the Corcovado 
range. J Miiller states that the cultivation of grain, which has so 
completely transformed one part of the wilderness of Australia, has 
already exercised a most beneficial influence on the increase of rain. § 
661. Dr. Cleghom remarks,^ the conservation of forests is unques- 


♦ Voelcker, on the Chemical Composition of tlie Liquid in the Ascidia of Ncpentlies —Annals <>1 
Hist. 2d series, iv. 128. 

i HuinboldCs Aspects of Nati.re, by Mrs. Sabine, 1 . 127. 
t Gnrduei’s Travels m Brazil 

i Muller, on the Floia of South Australia, in Hooker’s Journal of Botany, vol. v. 72. 

% Report on the probable effects of the Destruction of Tropical Forests, by Dr. ClfKlioni, J)i . Royle, 
{ uplam Binid Snutli, and Captiun .‘^tradwj, in Pioceod of Bnt A«iPor IWvl. 
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tionably a subject of great importance. It is now occupying the 
attention of the government of India, and of many other governments, 
and it will sooner or later engage that of all our colonies. The phy- 
sical history of every country proves incontestably that a moderate 
extent of forests, especially on mountain slopes and elevated rocky 
ground, where tillage is impracticable, promotes in a high degree both 
the agricultural and manufacturing interests of individuals, as well as 
the physical soundness and productive resources of extensive countiies. 
It appears that the influence of forests in a physical, economical, and 
hygienic point of view, is deserving of a more complete investigation 
than it has yet received, lly felling trees which cover the tops and 
sides of mountains, men in every climate prepare at once two cala- 
mities for future generations — the want of fuel, and the scarcity of 
water. * 

662. It is necessary to keep up the correspondence between the 
fluid given off by the leaves and that taken up by the roots. If the 
former exceeds the latter, the leaves become languid and fall off. This 
is one cause why plants growing in the rooms of dwelling-houses suc- 
ceed badly. The atmosphere is too dry, and the exhalation from the 
leaves is not compensated by the fluids taken up by the roots. This 
cannot be remedied by an extra supply of water, for the roots are not 
capable of taking up the additional quantity required. Hence the use 
of Wardian Cases f in preventing the loss caused by transpiration, and 
thus enabling the plants to live even in a warm and dry room. 

2. EXHALATION OF tIABEOUS MATTER. —VEGETABLE 
IIESPTBATION. 

663. The leaves of plants give off gases, the nature and quantity 
of which vary according to the circumstances in which the plants are 
placed, and their state of vigour or decay. Hence leaves produce im- 
portant effects on the atmosphere, and we shall find that, they are 
employed as the means of keeping up its purity. In the year 1771, 
Priestley observed that plants were able to grow in air vitiated by the 
breathing of animals, and that they soon restored such air to its original 
purity.J Percival confirmed these observations, and showed that air 
containing so much carbonic acid as to prove destructive to animal 
life, was rendered fit for respiration after plants had grown in it. 

664. Ingenhousz examined the subject more fully, and made an 


* For furtlier details regarding exhalation of liquids by leaves, in addition to the papers and 
works referred to, the student may consult — Carpenter, Principles of Physiolopj', General and Com- 
parative, p. 770. Gmelin, de PlantarunfExlialationlbus, Tubing. 1847. Ou6ttard— Memoires Par, 
1748, p. 669, and 1749, p. 2C6. Lawes, on the Comparative Evaporating Properties of Evergreen and 
Uecidnous Trees, in Joum. of Hort. Hoc. of London, vi. 227 Miquel, sur TExhalaison Aqueuse des 
Keuillus — Ann. des Sc. Nat. 2d ser. xi. 48. Mohl, ueber die Functionen der Blatter, Tubing. 1886. 
t A description of these Plant-eases will be gl'ejp In the sequel. 

1 Priestley, on Air, 86. 
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extensive series of experiments.* In air that bad been so far depraved 
by respiration as to extinguish a lighted candle, he placed a plant of 
Peppermint, and then exposed the vessel for three hours to the sun, at 
the end of which time the air again supported flame. When a Nettle 
was put into a similar portion of impure air during the night, the air 
was not improved ; but when exposed to the sun for two hours, its ori- 
ginal purity was restored. Such was also the case with plants of Mus- 
tard. When similar portions of the same impure air were confined in 
vessels with similar plants, and respectively placed in sunshine and 
shade, the air exposed to the sun recovered its purity in a few hours, 
while that in the shade was rendered more impure than before. Ingen- 
housz also jierformed experiments with immersed leaves, and found 
that they purified the air in the course of a very few houra in sun- 
shine. 

665. From five hundred experiments conducted between the 
months of June and September, Ingerihousz concludes that plants 
possess the power of giving out oxygen ; that this operation com- 
mences some time after the sun has risen above the horizon, is more 
or less vigorous according to the clearness of the day and the exposure 
of the plant to sunshine, and is suspended during night ; that in the 
shade, plants deteriorate the air; that leaves, stems, and green 
branches purify the air, and that acrid and poisonous plants in this 
respect act in the same way as the most salutary ; that the pure air 
(oxygen) proceeds chiefly from the lower surface of leaves, and that 
young leaves do not furnish so much as those which have acquired 
their full vigour ; that some plants yield purer air than others, and 
that aquatics excel all others in this respect ; and lastly, that the sun 
does not possess the power of improving the qualities of atmospherical 
air without the concurrence of plants. 

666. Heiiebier also instituted a series of experiments which proved 
the production of oxygen gas by plants exposed to tlie direct rays of 
the sun. He considered the oxygen as derived from the decomposition 
of carbonic acid ; and he thought that plants in a healthy state do not 
give out carbonic acid in darkness.f Ellis corroborated the statements 
of Ingenhousz, but he was disposed to consider the deteriorating effects 
of plants during darkness to be greater than had been supposed. | De 
Saussure found that when a plant was confined in a definite volume of 
pure atmospheric air, the air was unaltered in volume and composition 
after an equal number of days and nights. He thought that the plant 
formed as much carbonic acid by night as it had consumed during the 
day. But if a quantity of carbonic acid was added to the atmosphere 
in which the plant grew, or if it was made to absorb carbonic acid 
water, then it exhaled a quantity of oxygen. From his experiments 


* Ingenhousz, Experiments upon Vegetables, Lend. 1776. 

+ Senebier, Mcmoircs Physioo-Chimiqncs, 1.; Physiologje Vdgdtale, lii. 104; Traild snr la Ra}). 
port des Plantes avec I’Air Atmospherique, Gendve, 1807. 

F.llis, Inquiries into the Changes induced in Atmospheric Air by Plants and Animals. 
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he concluded that oxygen was exhaled during the day by the green 
parts of plants, while ihe carbonic acid present in the atmosphere was 
absorbed ; that during the night carbonic acid was given off, while an 
absorption of oxygen took place ; and that pale plants, such as Fungi, 
and the parts of plants not green, such as roots, stems, and flowers, as 
well as etiolated plants, exhaled carbonic acid.* 

667. The following experiment has been suggested by Professor 
llenslow, as a simple means of showing that oxygen is given off by the 
leaves of plants: — Fill two or three tumblers with pond or spring water, 
which always holds some carbonic acid in solution. Place a leaf or two 
under the water in each tumbler. Common Laurel leaves do well, 
with a split shot or small piece of lead at one end, to keep the leaf 
under water, and at the same time vertical. Put one tumbler in common 
daylight, the others in the direct rays of the sun. In the former, no 
immediate effect will be observed, but in the latter, numerous bubbles 
appear on the surface of the leaves. These bubbles are probably por- 
tions of air separated from the water by the process of heating (as is 
seen in heating a tumbler of spring water by a fire or lamp) ; after a 
little (lialf-an-hour or more), other bubbles aj)pear at the cut end of 
the leaf, and here and there on its surface. These bubbles increase 
rapidly in size, and rise to the surface. They proceed from the inte- 
rior of the leaf, and are oxygen separated by the leaf from carbonic 
acid. The leaf is composed of cells, with spaces between them con- 
taining air of some sort. ^Phese spaces are abundant on lower surface, 
hence its paleness. By soaking leaves, as Laurel leaves, the air is 
expelled and water enters, and in a day or two the under surface be- 
comes spotted and then dark. On Laurel leaves, after soaking for 
two or three days, the experiments on gaseous exhalation can be well 
shown, the oxygen coming off frequently in a stream. The effect is 
stopped by a shade being interposed, and may be excited by the 
reflected light from a looking-glass. The lower side of the leaf, during 
the giving ofi' of the oxygen, resumes its pale colour. 

668. Daubeny says that the action of light on plants causes the 
leaves to emit oxygen and decompose carbonic acid, and to become 
green when etiolated ; that it maintains their irritability, and causes 
the plants to exhale water by the leaves, and to absorb watery fluid 
by the roots. He made experiments in regard to the effects which 
plants produce on the atmosphere, by placing them in large bell-jars 
containing 6-800 and sometimes 12-1300 cubic inches of air — the jam 
resting on mercury covered with a thin film of water, and so contrived 
that they could be pressed down in the mercury to expel the air when 
required, and to admit of the introduction of carbonic acid in a regu- 
lated quantity. The amount of carbonic acid added varied from 2 to 
1 1 per cent. The plants added to the oxygen of the air so long as 

* l)e SuuBsure, Uechorclics Cliimiques siir laV^g^tation, pi>. Ii6, .3(5 Saussure, Annalea de Chhn 
xxiv. 133. Orischow, Physikalisoh-Chmiische Untoreuchungen uebcrdic AthmungenderOewachge 
und deren Kinfluas auf die genicino Luft, Leipzig, 1819. 
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cAifbouio add was supplied, and tine following are the comparative re- 
sults in sonshine and shade : — 

1. during fine weather and bright sunshine. 

a Plants in a jar of air, without flowers, and with leaves alone. 

Maxinium increase of Oxygen 
in the jar. 

Cupressus (Cypress) 2.00 per cent. 

Cedrus (Cedar) 3.75 „ 

Syringa vulgaris (Common Lilac) . . . 6.50 to 8.75 „ 

Pelargonium 2.00 to 6.00 „ 

Mesembryanthcmum 2.40 „ 

h Plants in a jar of air, with flowers and leaves. 

Dahlia 3.75 per cent. 

Helianthus (Sunflower) 1.00 „ 

2. During bad weather, and in diffused light. 

Syringa persica (Persian Lilac) 3.00 per cent. 

Tlie greatest anioiuit of oxygen that can be added to the air of a jar 
by the influence of a plant he states to be 18 per cent. The purifica- 
tion of the air ceases when there are no leaves.* 

669. Aquatic plants a})pear to surpass all others in their power of 
decomposing carbonic acid. In some lakes in volcanic countries, 
where carbonic acid rises in great (piantity tb rough the waters, vege- 
tation is very vigorous, and the separation of oxygen goes on rapidly. 
In speaking of the floating islands on the lake Solfatara, in Italy, Sir 
Humphry Davy remarks — “ The high temperature of this water, and 
the quantity of earhunic acid that it contains, renders it j)eculiarly 
fitted to afford a pabulum or nourishment to vegetable life. The 
banks of Travertine are everywhere covered with Keeds, Lichens, Con- 
fervas, and various kinds of aquatic plants ; and at the same time that 
the process of vegetable life is going on, the crystallizations of the 
calcareous matter, which is every wlicre deposited in consequence of 
the escape of carbonic acid, proceed, giving a constant milkinesa to 
what, from its tint, would otherwise he a blue fluid. So rapid is the 
vegetation, owing to the decomposition of the carbonic acid, that, even 
in winter, masses of (Jonfervee are constantly detached by the currents 
of water from the hank, and float down the stream, forming often small 
islands on its surface. Schleiden mentions that there is a rich 
vegetation round the springs in the valley of Gottingen, wJiich abound 
in carbonic acid.J 

670. Morren, of Geneva, examined in a particular manner the 
oxygenation of the water of ponds by means of Confervae, and he found 

* Daubeny, on tho Action of Plant« on the Atmosphere — Phil Tians 1836, p 163 
t Sir n. Davy’s Consolatfons In Tra^ cl, 3d edit, p 116, } Wlcgmann’s Archiv ill. 1838 
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that it varies Recording to the intensity of the solar light and the ele- 
vation of the sun. It commences at daybreak, increases slowly at 
first, then rapidly, and reaches its maximum at four to five o'clock in 
the afternoon. In winter there must be a long succession of fine days 
before the water attains the same degree of oxygenation as in summer. 
The oxygen thus formed is sent into the atmosphere. The marshes 
of Ank^ in Batavia, produce a variety of plants, such as Grasses, 
Rushes, Water Beans, &c., which grow from the bottom of the stag- 
nant water, and the interstices between these plants are covered with 
Pistia Stratiotes (called Water Lettuce in the West Indies), wliicl), 
fioating on the surface of the water, decomposes noxious gases, under 
the influence of the solar ray, and gives out respirable air. Such 
plants not only give a supply of oxygen, but also tend to purify the 
water, and render it more fit for animal life. Cloez and Gratiolet 
state, as the result of recent experiments, that the decomposition of 
carbonic acid is performed with great rapidity by submerged aquatic 
plants, and that they separate more oxygen in a given time than 
most other plants. 

671. We have seen that Ingenhousz early propounded the state- 
ment that carbonic acid was given off during darkness, and that his 
views in this respect were opposed by Senebier. Since their day the 
subject has been carefully invesligated, but the views of physiologists 
are still divided. Home maintain that oxygen is given off by the 
leaves during the day, and a moderate quantity of carbonic acid is 
exhaled by a process of endosmose during night ; others say that car- 
bonic acid is exhaled by plants in greater or less quantity at all times, 
and thal: during the day it is decoin j)Osed so as to give out oxygen ; 
while a third set of authorcj state that no carbonic acid is evolved b} 
leaves in a healthy state, and that their true function is one of de- 
oxidation, or rather decarbonization, which consists in the fixation of 
carbon and the elimination of oxygen. 

672. The first of these views was for a long time generally adopted, 
but some recent experiments have tended to throw doubts upon it, and 
to confirm the views of Senebier. Mohl still supports this view. He 
says plants have a double respiration — one consuming carbonic acid 
and exhaling oxygen by day in the gi*een-coloured organs, and one 
connected with a consumption of oxygen and a formation of carbonic 
acid in the green organs by night, and in those not green, by day and 
night. If we wish to speak of a respiration in plants, he says, this 
oxygen-consuming breathing deseiwes the name far more than the 
exhalation of oxygen by the gi^en organs connected with the nutrient 
processes.* 

673. The second view was ]>ropoundcd by Burnett, who considers 
the constant exhalation of carbonic acid both by day and by night as 
true vegetable respiration, uhile the decom])osition of carbonic acid 

* Molil on the Veicetable Cell, translated by Hcnf»t*y, 85, 67 
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ligbti MKiCiipaiai^ with the evolufcioii of oxygen, is regarded 
hy wn aa a prooeae of digestion ; respiration thus going on at all 
consisting, like that of animals, in the separation of carbon, 
while digestion only goes on during light.* He has been supported 
by Carpenter, who says that the respiration of vegetables is not an 
oocaaonal process, but one which is constantly going on during the 
whole life of the plant — by day, by night, in sunshine, and in shade— 
and consists in the disengagement of the superfluous carbon of the 
system, either by combination with the oxygen of the air, or by re- 
placing with carbonic acid the oxygen that has been absorl^d from it. 
If the function is checked the plant soon dies, as when placed in an 
atmosphere with a large amount of carbonic acid, and without the 
stimulus of light which enables it to decompose the acid gas.f Hcn- 
frey says a distinction is to be drawn between the process of respiration 
in which the liberation of superfluous oxygen takes place, leaving the 
other elements combined in an assimilated or organic condition, and 
that process in which the assimilated matter is again chemically al- 
tered by the oxidation of a certain amount of carbon, which is libe- 
rated as free carbonic acid by plants unprovided with leaves, but under 
most circumstances decomposed again by green plants. He thinks 
that carbonic acid is given off by living plants as a vital process 
even during light, and he suggests that the re-absorption of the evolved 
acid gas during the day has disguised the fact in most previous ex- 
periments. I Ellis says that the deteriorating process in which oxygen 
gas is consumed goes on at all times and in all circumstances when 
vegetation is active. It requires a siiitahle temperature to display 
itself, and when that temperature falls below a certain point it ceases. 
On the other hand, the purifying process in which oxygen gas is 
evolved is chiefly dependent on the agency of light. The foniier. he 
considers to be accomplished by the agency of the air, and to be essen- 
tial to the life and growth of tlie plant ; the latter, to be subordinate, 
depending on the agency of light, and though necessary to the perfec- 
tion of vegetation, yet not essential to its existence. § 

674 . Garreau has made an extensive series of experiments on the 
respiration of plants.^ In his early experiments he used the same 
apparatus as that employed by him for determining the exhala- 
tion of liquids, namely, two hell-jars, with their open ends applied 
respectively to the upj)er and under sides of the leaf, so as to en- 
close a circular portion between them. By means of lime-water 
in the vessels he determined the quantity of carbonic acid given 


* Burnett, on the dc^elopIuent of the several oigamc systems of vegetahlts— Journal of Royal 
Institution of Great Britain, i 93. 

t Carpenter, Pnnciples of Physiology, general and comparative, p 730 

t Henfrey, Outlines of Structural and Physiological Botany, p 108. The Garden Companion, July 
1832, p. 97. 

S Ellis on Plant Cases, Stc.—Loudon Mag. of Bot. xv 602 

H Garreau, sur la respiratiou des plantes— Annales des Sc. Nat. 3d ser. Bot. xv 1, and x\i 6 
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off At different hours. The experiment lasted for several hours in each 
case, and the quantity of carbonate of lime formed was dried and 
weighed. The results are given in a tabular form : — 


NAMES or PLANTS. 

Extent of 
surface of 
leaf m 
metres. 

1 Polygonum orientale 

0.040 

Rheum undulatum'I 



(Undulated Rhu- 


0.076 

barb) . . . J 



Nicotiana rustical 



(Rustic Tobacco) J 


0.040 

Tropmolum majusl 


0 040 

(Indian Cress) . j 

r 


Asclepias Syriaca . 

0 076 

Tropffiolum majusb 

0.040 

(Indian Cress) . / 
Tilia europasa (Limel 
Tiee) . ... C 

0.075 

Aralia racemosa, ter-b 


minal leaflet, . j 

U.v4U 

Rheum undulatum ) 


(Undulated Rhu-> 

0.280 

barb) . ... ) 

1 


Duration of Nature of tlie 
Experiment. light. 


Surface. 


Quantity of 
cat bouate 
obtained. 


12 hours. 


Shade. 


Upper. 

Under. 


0.000 

0.000 


do. 


do. 


’Upper. 

Under. 


0.000 

0.000 


do. 


do. 


6 hours. 


8 do. 
7 do. 
6 do. 


do. 


do. 

! 6 hours of 
burning 
sun 

111^ F. 
f 8 hours 
1 do. 

J 7 hours 
1 113® F. 

J 6 hours 
t 115® F. 


'Upper. 

Under. 

‘Upper. 

Under. 


] 


Upper. 

Under. 


> Upper, 
r Under. 
\ Upper, 
f Under. 
1 Upper. 

- Under. 


6 do. 


f 5 hours 
t IIU F. 


. Entire > 
/ leak j 


0.000 

0.000 

0.000 

0.000 

0.006 
0.005 I 

0.006 
0.010 I 

Traces i 
0.0J5 I 
0.006 
0.010 


0.026 


From these and other experiments lie drew the conclusion that the 
upper and under surfaces of the leaves give off carbonic acid in cer- 
tain circumstances, and that the under surface gives off more than the 
upper ; that the leaves or surfaces of the leaves v hich exhale most, 
also give off most carbonic acid ; that the quantity of carbonic acid 
gas emitted bears a relation to the number of stomata ; that the leaves 
do not give out carbonic acid, either in the shade or in the sun, at a 
moderate temperature, but that the exhalation of this gas takes place 
in small quantities, under the influence of tlie sun when accompanied 
with great heat ; that the carbonic acid seems to be formed in the 
interior of the plant. 

675. Subsequently, however, Garreau was led to adopt Burnett\s 
view, that carbonic acid is expired at all times by plants, but that it 
is decomposed during the day as rapidly as it escapes from the plant. 
This latter circumstance, in his opinion, accounts for its non-aj)])ear- 
ance in his experiments already detailed. He endeavoured to prove 
this by making similar plants grow in two jars containing equal 
volumes of air, the one being supplied with a solution of baryta, the 
other having none. In the first jar he expected the carbonic acid, 
when evolved, to be at once fixed more or less completely by the 
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batytt h(B$(m bemg decomposed by the reducing action of the leaves. 
The feHowing are some of his latest results : — 




4 

Atmospheric nir 

Tem- 

Duration 
of Expe- 
riment. 
Hours of 
the day. 

COs 

NAURS OF PLANTS. 

Dates. 

with or without 
solution of 

pera- 

ture. 

enired. 

Cubic 



Baryta. 

Fall. 

centim. 

Kitaibelia vltift>Via . 

July 30 

(Without ) 
\Witli 1 

G4‘’.4 

10 to 4 

{.sj 

Rhua radieans . . 

July 31 

(Without ) 
IWitli j 

GG“.2 

11 to 5 

R 

Fraxinus excelsior 

Aug, 1 

J Without ) 
IWith C 

64^4 

11 to r> 

i H 
1 61 

Acer eriocarpuin . 

Aug. 1 

f Without 1 
'iWilh 1 

6G“.2 

12 to 6 

f24b 

Syriuga vulgaris . 

Aug. 4 

(Without) 
IWith j 

04^4 

12 to 6 

{S{ 

j Glycyn’hiza cebinata 

Aug. 7 

1 (Without) 

1 “(With j 

71°.C 

12 to G 


Asclepias Comuti 

Aug, .') 

, (Without) 

1 'iWith 1 

73\4 

7 to 7 

{.17 1 

! 

Fagnpyrum cymoaum 

Aug. G 

1 

' (Without 1 
IWith i 

77‘> , 

7 to 7 1 

/ 91 
1.101 

Ficus Carica . . , 

Aug. G 

(without) 
tWith { 1 

7.r.2 

I 

I 

a to G 1 

1 

j 91 

m 


Kemarks. 


Rainy, with 
I occa«iional 
sunshine. 
Moist, and ra- 
ther dull. 
No sun, rather 
dull, rain. 

Rather dull. 

Three hours 
of beautiful 
sunshine. 
Four hours of 
sunshine. 
Six hours of 
exposure to 
a very fine 
I sunshine. 

Do. i 

I 

Do I 


These* experiments, he tlduks, shew that the carlumic acid, which is 
exhaled during Hunshine, is decomposed in a great measure by the 
action of light so soon as it is fonned, and that a high temperature 
increases the quantity of carbonic acid expired. The conclusions at 
which lie finally arrives are as follow : — 1. Leaves, duriug the day, both 
in sunshine and shade, give out carbonic acid, and this gas is exhaled 
in larger quantity in proportion to the increase of temperature. Buds give 
out more of the acid gas than leaves. 2. Two antagonistic processes 
are going on simultaneously in leaves both in shade and in sunshine — 
the one a process of combustion, attended with the evolution of carhoiiic 
acid, the other a process of reduction, attended with the evolution of 
oxygen. 3. The accumulation of carbon in plants is owing to tlie pre- 
dominance of the second process over tlie first. 4. The evolution of 
carbonic acid is connected with the presence of protein compounds, 
such as protoplasmic and albuminous matter. 5. The process of com- 
bustion is to be considered as constituting vegetable respiration, whih* 
the process of reduction is to be viewed as connected with tlie function 
of nutrition.* 

676. The third view of vegetable respiration has been brought 
prominently forward of late years by Mr. Haseldine Pepys. From 

* Gurrean, Pur In Krapiration dcs Plants, m Annalrs dcs Sc. Kut .Id scr Sot. xm 202 
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careful experiments, conducted during several years, he is satisfied that 
leaves, which are in a state of vigorous vegetation, always operate so as 
to keep up the purity of the air by absorbing carbonic acid, and disen- 
gaging oxygen ; that this function is promoted and accelerated by the 
action of light ; that it continues during night although more slowly ; 
and that carbonic acid is never disengaged when the leaf is healthy.* 
He also finds that the fluid abundantly exhaled by plants during their 
vegetation is pure water, and contains no carbonic acid ; and that the 
first portions of carbonic acid gas contained in an artificial atmosphere 
are taken up with more avidity by the plant than the remaining por- 
tions. The carbonic acid which is given off by leaves is attributed lo 
a state of disease or alteration in the healthy state of the tissues, and 
in many experiments (as in Garreau’s), the abnormal condition of the 
plant may perhaps account for the appearance of carbonic acid. In 
some of Mr. Ellis’s experiments, the decaying condition of the leaves 
gave rise to a fallacy in the results. Cloez and Gratiolet confirm Pepys’ 
t)bservations. They state that oxygen is disengaged rapidly in solar 
light, insensibly in diffused light, and not at all in darkness, and that 
in the latter case no carbonic acid whatever is given oil' by plants. 

677. From all that has been stated, it would appear that an absorp- 
tion of carbonic acid by the leaves of plants and an elimination of 
oxygen lakes place during daylight, and that this ])roccss ceases in a 
great measure during the night. The exhalation of carbonic acid by 
healthy leaves is still doubtful, and the aj)pearariee of this acid gas 
may in many of the experiments be traced lo an abnormal con- 
dition of the leaves. The great function of the leaves thus seems to 
be deoxidation, by means of wliicli they are instrumental in keeping 
up the purity of the atmosphere. This function of plants is anta- 
gonistic in its results to animal respiration ; for while the latter takes 
oxygen from the atmosphere, and replaces it by carbonic acid, the 
former removes carbonic acid, fixes carbon, and gives out oxygen. 
The processes of respiration and combustion are pouring into the 
atmosphere a large quantity of carbonic acid gas, while the active 
leaves of plants arc constantly removing it, and, under the action of 
light, substituting oxygen. While plants thus get carbonaceous food, 
the air is by them kept in a state fitted for animal life. The proper, 
constant, and uiiexhaustible sources of oxygen gas, as Liebig remarks, 
are the tropics and warm climates, where a sky seldom clouded permits 
the glowing rays of the sun to shine upon a most luxuriant vegetation. 
The temperate and cold zones, where artificial warmth must replace 
the deficient heat of the smi, produce on the contrary carbonic acid in 
superabundance, which is expended on the nutrition of tropical plants. 
Vegetable culture heightens the healthy state of a country. The life 
of animals is connected intimately, then, with the vegetable produc- 
tions of the globe, not merely as regards the materials for their food, 
but also in reference to the air which they breathe. 

* P< I'vs, on the* EcspirnUon ol thr Leaves of Plants I htl 'rrans ISI.i, p. 3‘20 
2 I 
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678. How interesting, says Jolmston, is it to contemplate the rela- 
tioDB, at once wise and beautiful, by which dead organic matter, intel- 
ligent man, and living plants, are all bound together. The dead tree 
and the fossil coal lie almost useless things in reference to animal and 
vegetable life. Jlfan employs them in a thousand ways as ministers to 
his wants, his comforts, or his dominion over nature ; and in so doing, 
he himself directly, though unconsciously, ministers to the wants of 
those vegetJiblc races, which seem but to live and grow for his use and 
sustenance. How beautiful also does the contrivance of the expanded 
leaf appear I The air contains only one gallon of carbonic acid in 2500, 
and this proportion has been adjusted to the health and comfort of 
animals, to whom this gas is hurlful. But to catch this minute quan- 
tity, the tree hangs out thousands of square feet of leaf, in peq)etiial 
motion, through an ever-moving air ; and thus, by the conjoined 
labours of millions of pores, the substance of whole forests of solid 
wood is slowly extracted from the fleeting winds.* 

679. As the decomposition of carbonic acid is only carried on vigo- 
rously during the day, it follows that an accumulation of it will take 
place in the atmosphere during darkness. Saiissiirc found, from a 
mean of fifty-four observations made in a country district, that the 
proportion of carbonic acid in the atmosphere during the night was to 
its proportion in the day-time as 432 to 398 ; or in other words, the 
carbonic acid in the atmosphere was diminished nearly 10 per cent, 
during daylight.-}- Tt is said also that during summer, when animal 
life is more active, the pro]:)ortion of carbonic acid is greater than in 
winter, as 7.13 to 4.79 parts in 10,000. The usual quantity of car- 
bonic acid in the atmosphere, before being drawn into the lungs, is 
about 1 -2500th j in that returned from the lungs it is about l-25th, 
ur it has increased 100 times in quantity. So long as plants are kept 
in a vigorous and healthy state, tljcy do not give off any carbonic acid. 
If, however, tliey are kept long in the dark they begin to fade; the 
green colouring matter called chlorophyll is not produced as it ought 
to be ; the plants are blanched or etiolated, and in fact get into a state 
of disease. In such circumstances no oxygen is given off, but, on the 
contrary, carbonic acid is produced. 

G80. Experiments have been made by DraperJ as to the particular 
rays of the si)ectruTn whicli arc concerned in the decomposition of car- 
bonic acid by tlic green i)arts of plants. They were made with a 
series of tubes half an inch in diameter and six inches long, which . 
were arranged so that the coloured spaces of the spectrum fell on them. 
In these tubes water impregnated with carbonic acid and a few green 
leaves of Poa annua were placed. In the tube that was in the red 
space a minute bubble of gas was sometimes formed, sometimes none 
at all ; that in the orange contained a considerable (pianlity ; in the 

* Jolmston, Kleuicnts of Agricultural Clienustry and Goologj^ fith edit. 41. 

I SauBsuro, sur la variation do I’acjdc carbonique ntinosphorKiur— Ann do Chun ct de Phys ii. 
191>, xliv. 5 Udin. Now Philos. Journal, xl. 22 t Driipor, Chemi&trj ol Vegetation, p. 177. 
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yellow ray a very large amount was found, comparatively speaking ; 
in the green a much smaller quantity ; in the blue, indigo, and violet, 
and the extra-spectral space at that end, not a solitary bubble. The 
results arc tabulated thus : — 


Oxygen set free in the extreme red ray . . . .00 to .33 

— — red and orange .... 20.00 „ 24.75 

— — yellow and green . . . 36.00 „ 43.75 

— — green and blue .... 4.10 „ .10 

— — blue 1.00 „ .00 

— — indigo 00 

— — violet 00 


Hence he drew the conclusion that the light-giving rays and those 
nearest the yellow have the greatest effect in the decomposition. 
Light, therefore, seems to act in this process according to the intensity 
of its illuminating power, while the heating and the tiihoiiic or che- 
mical rays have no effect. 

681. Cloez and Gratiolet* also endeavoured to discover the com- 
parative influence of coloured glass on the decomposition of carbonic 
acid by the green parts of plants, and they found that the decomposi- 
tion is most rapid under colourless unpolished glass, then comes yellow 
glass, then colourless transparent glass, then red, green, and lastly, 
blue glass. They were satisfied that these differences were not caused 
by differences of tem})erature. As regards the influence of tempera- 
ture, they state that the decomposition of carbonic acid gas, by aquatic 
plants exposed to light in a temperature raised gradually from 39.2® F., 
does not commence until the temperature is 59® F., and is at its 
maximum at 8(J® F. The* decomposition of the same gas, by plants 
exposed to light in a temperature which is lowered from 86® F., con- 
tinues when the temperature is as low as 57.2®, 55.4®, 53. G®, 51.8", 
but ceases when it is as low as 50® F. 

682. It has been stated that plants, vhen blanched, give off car- 
bonic acid. Morot says that in partially etiolated plants, when 
exposed to the direct rays of the sun, the yellow portion of the tissue 
gave out carbonic acid, while the green parts gave out oxygen. Plants 
having no green leaves exhale carbonic acid. Thus Lory found, from 
thirty expeiimeiits, that Orobanches (Fig. 126, i>. 54) in every stage of 
their growth, whether exi)Osed to light or not, absorb oxygen and 
give out carbonic acid.f The carbonic acid appeared to proceed, not 
from a direct union between the carbon of the plant anti the oxygen of 
the air, but from processes going on in the interior of the plant. liOry 
took two parts of the same weight, one of Orobanche Teucrii, and the 
other of the leafy stalk of Teucrium Ohamsedrys, on which it was para- 
sitic, and placed them in two jars of the same capacity, filled with six 

^ Cloez ot Gratiolct, ItocherclioB sur Ju V<!^get itioii — CoraptCB Tlendus, t xxxi p 020, for IH.'M) 

i Lorjs sur la Kcspinition des Orobanches pt ‘iutics plintcs Ansrulancs depounues (It pnrtici 
^ cites -Ann dcs So Nat Jjd sor Rot xili 15a 



474 


INFLUENCE OF LEAVES ON SECRETIONS. 


volumes of air to one of carbonic acid. Both were exposed to light 
from 9 A.M. until 3 p.m. of the succeeding day, and at the end of that 
time the air in which the Teucrium was placed contained no trace of 
carbonic acid, while that in which the parasitic Orobanche was placed 
yielded a large quantity of carbonic acid and a diminished amount of 
oxygen. 

683. Draper and Ville think that plants also exhale nitrogen gas, 
and Cloez and Gratiolet were led to the same conclusion from their 
experiments. Some maintain that the ammonia taken up by plants is 
with the view of supplying not merely nitrogen in certain quantity, 
but likewise hydrogen ; and that in the same way as carbonic acid is 
absorbed and oxygen is given off, so ammonia is absorbed and nitrogen 
is exhaled. If nitrogen is given off by plants, it seems probable that it 
is derived from the ammonia, and not from the air. Those who sup- 
port this view state the antagonism between animals and plants in the 
following manner: — Animal respiration gives rise to carbonic acid 
gas, which is absorbed by plants, the carbon and part of the oxygen 
being fixed, and another part of the oxygen being exhaled : again, 
animal decomposition gives rise to ammonia, which is absorbed by 
phaiits, the hydrogen and part of the nitrogen being assimilated, and 
another portion of the nitrogen being exhaled. These statements, 
however, require confirmation. 

111. INFLUENCE OF LEAVES ON VEGETABLE 
SECRETIONS. 

684. By means of the processes of absoiq)tion and exhalation 
which are carried on by leaves under the influence of air and light, 
the contents of the cells and vessels are elaborated and fitted for tlu‘ 
production of various important secretions. To the action of the 
leaves must be traced in a gi’cat measure the elaboration of the azotized 
and un azotized compounds, to which allusion has already been made 
(p. 370). When the functions of the leaves are intemipted by non- 
exposure to light, or by the attacks of disease, and when plants are 
deprived of their leaves by injuries of vaiious kinds, their secretions 
are cither wholly stopped, or they become altered in their nature. 
When leaves are blanched by being excluded from air and light, they 
lose their properties, their fragrant oils and resins are not developed 
in a proper manner, chlorophyll is not formed, nor is woody matter 
produced. 

685. The importance of leaves in the production of timber is uni- 
versally acknowledged. If they are prevented from performing their 
functions properly, by being kept in darkness or in the shade, wood is 
imperfectly formed ; and if the leaves are constantly stripped off a 
tree, no additions .are made to its woody layers. Some troublesome 
weeds with underground woody stems may })e enfeebled find ultimately 
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extirpated by repeatedly cutting off their wliole foliage. The differ- 
ence of the wood in crowded and properly thinned plantations, depends 
in a great measure on the growth and exposure of the leaves. Wood 
grows more rapidly, and the zones or circles are larger, when there is 
free exposure. Hence the necessity of judicious planting if we wish 
to have good timber. The following measurements made of a Spruce 
Fir in a crowded plantation of 1000 acres in Yorkshire, and given 
several years ago in the Gardenor^s Chronicle, shows the state of tlie 
zones of wood in such cases : — 

In the first 5 years, the tree grew 26 tenths of an inch in diameter. 


In the second do. 

do. 

24 

— 

— 

In the third do. 

do. 

20 

— 

— 

In the fourth do. 

do. 

12 

— 

— 

In the fifth do. 

do. 

8 

— 

— 

In the sixth do. 

do. 

6 

— 

— 

In the seventh do. 

do. 

10 

— 

— 


Thus, in the course of 35 years the Fir only attained a diameter of 
10.6 inches, in place of 18 — the annual growth of timber beginning 
to diminish after the first five years, and the diminution going on with 
great rapidity after the fifteenth year of gi’owih, when the trees were 
becoming more and more crowded. At the end of the thirtieth year 
the annual growth was little more than one-tenth of an inch, whereas 
in tlie early years it had been more than five-tenths. The increase 
in the last five years seems to have been due to some of the trees 
having been accidentally cleared away, thus allowing more light and 
air to reach the leaves. 

686. When a tree forms large circles of woody matter, and thus 
grows rapidly, it has been found that the quality of the timber is 
better than when the same species forms small circles and grows 
slowly. An examination was some time ago made of the naval woods 
in the dockyards of Britain, and it was found that the most durable 
Oak was that which had grown (juickly, and had increased at the rate 
of one inch in diameter in the course of the year. Some excellent 
Oak taken from York Minster was ascertained to have had an annual 
growth of eight-tenths of an inch. Brofessor Barlow, of Woolwich, 
examined two specimens of timber — No. 1 from a fast-grown tree. 
No. 2 from a slow-grown tree. Both specimens were squared down 
to 2 inches, and they were broken on props placed 50 inches apart. 
Their specific gravity and their strength are given as follows : — 



Specific 

Deflected one- 
fiftieth of an 

Bioken 


gravity. 

inch with 

with 

No. 1 . 

. . 903 . 

. . 660 lbs. . 

. 99!) lbs. 

No. 2 . 

. . 856 . 

. . 414 „ 

. 679 „ 


Thus the fast-grown timber exceeded the other in specific gravity, as 
w^ell as in tenacity and strength. 
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687, These observations show the importance of allowing the 
mves to be well developed and fully exposed, if we wish the produc- 
ticm of timber to proceed vigorously and profitably. The same thing 
may be proved in regard to all the otlier secretions formed by plants. 
Ttois, Potatoes grown in the shade, by which the functions of their 
leaves are impeded, become watery, and produce little starch in their 
tubers. The same causes which operate in the formation of timber 
also affect the development of roots, and hence the precautions taken to 
secure the good quality of the former have a powerftil influence on the 
latter. Boots in their turn, by the absoqition of nutriment, convey 
to the leaves materials for forming wood, and the more they extend 
the greater is the supply which they obtain. There is thus a reciprocal 
action between the leaves and the roots, each being dependent on the 
other for the due performance of their fimetions.* 

688. While in the cultivation of trees, slinibs, and ordinary flower- 
ing plants, the object of the gardener is to allow^ the leaves to perform 
their functions perfectly, there arc certain cases in which he endea- 
vours to interrupt these functions, and to produce an unnatural condi- 
tion, by w'hich the plants are rendered more snitahle for domestic 
purj)oses. All are familiar with the fact that blanching depjives 
the leaves of tljoir green colour, and prevents them from acquiring 
their usual qualities. This depends on the elfect of darkness in arrest- 
ing the formation of chlorophyll or the green colouring matter, and in 
hindering the production of various secretions. In the case of Aspa- 
ragis and Seakale, gardeners succeed by artificial etiolation (blancli- 
ing) in preventing the plants from producing w^oody tissue — cells 
and Uiin-walled vessels being alone formed wliicli are delicate in 
their texture. The tenderness and succideiico of the* heart of the 
cabbage are due to the outer leaves oh.stnicting the acc(‘SB of light. 
In Celery the effect of blancliing is to deprive the plant not only of 
the woody tissue, but also of certain other secretions which render it 
in its ordinary condition unpalatable. It is thus distinctly proved that 
leaves owe their green colour to the action of light, and lliat it is only 
when light and air arc supplied freely, tliat they can form the secre- 
tions which are recjuircd for the vigorous and normal grow^th of the 
plant. 

689. In certain instatices we arrest the growth of the leaves with 
the view of making a tree produce flowers or fruit. This is accom- 
plished by pnming, an oj>eration which ought to he performed with 
care and judgment. In the case of forest trees, if properly planted, 
no pruning is required, except the removal of dead or decaying 
branches. The foiin and symmetry of a forest tree is best preserved 
by allowing it to grow freely in a congenial soil without being dis- 
turbed. It is different iu the case of cultivated fruit trees, where the 
object is not so much the symmetry of the tree as the production of 
fruit. In them pruning may be defined the act of removing scieiitifi- 

* See flirther remarks on this subject at paifo 12S, paragraph «10 
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cally certain branches, or parts of them, for tbe purpose of increasing 
the productiveness of the tree and the size of its fruit. A shoot is re- 
moved by a clean cut with a sharp knife, the incision making a sloping 
wound at an angle of 45° at the back of a bud, and not so low as its 
base. Pruning should be performed on young branches of moderate 
diameter. When large branches are lopped off injury is done, and in 
the case of forest trees a snag is left which gives rise to the formation 
of a knot in the wood, and frequently, from the exposure of a large 
wound, the weather causes decay in the wood. By a constant process 
of pruning, trees become stunted in their growth. By restricting roots 
and pruning the branches peculiar dwarf-looking trees are j)roduced 
by the Chinese. Oaks have thus been reared wl)ich, after attaining a 
great age, are only one foot and a half high. The removal of leaf- 
buds, or, as it is called, disbudding, is anotluT mode in which })ruiiing 
is practised. 


IV. EFFECTS OF VAETOUS OASES Fl^ON LEAVES.— 
WARDIAN CEASES. 

690. Ill considering further the functions of the leaves, it is of im- 
portance to notice the elfects produced ujion tliem by dilfcTcnt gases, 
llie atmosphenc air, with its oxygen, nitrogen, carbonie acid, and 
ammonia, is the gaseous mixture best fitted for tlic growth of plants. 
Certain gases in their nnmixed state are ])()isonons to plants, vhile 
others do not seem to produce any deleterious effects further than tlie 
retardation of growth caused by the exclusion of atmosphciic air. 
Saussure found that a plant of Lythrum Salicaria liouiislied for the 
weeks in hydrogen gas, and the Messrs. (Tladslone ascertained that 
nitrogen, oxygen, and nitrons oxide were innocuous.^ Plants would 
not of course continue to be vigorous in such atmospheres, for they 
would be deju’ived of the carbon which is necessary for them, and 
which can only be procured from carbonic acid.f 

691. Plants, when exposed to light, will thrive in an atmOvSphere 
containing a considerable amount of carbonic acid, but they cease to 
perform their functions in an atmosphere composed of carbonic acid 
alone. Danbcny found tliat Ferns and Lycopodiums, whicli are the 
plants most nearly allied to those of the coal epoch, can at the ])resent 
day exist without injury in an atmosphere containing at least 5 per 
cent, of carbonic acid, and be thinks that this in some degree supports 
Brongniart's hypothesis as to tlie cause of the enormous production of 
carbon by the plants of that epoch. While jdants in bright light can 


* Mo8*irs. Gladstone, on the gro\>tli of plants in various gases — Philosophical Magurlne, 1861, 
4th senes, ii 215. 

I Saiissuie, Kechcrches Ch uniques sur la V6g<«talion, 194, ‘200. Annales de Chinue it de Phy- 
si<]iie xxiv 227 
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live iu an atmosphere containing 5 to 10 per cent, of carbonic acid, 
Daubeny ascertained that the addition of a larger per oentage caused 
ixgurious effects. He put five species of plants under a jar containing 
about 2800 cubic inches of air. To this air one per cent, of carbonic 
acid gas was at first added, and a daily increase to the same amount 
in the quantity present was kept up until the proportion reached 20 
per cent. This same quantity was then maintained in the jar for 20 
days, by successive additions, to compensate for the ascertained amount 
of leakage ; and the appearance of the plants was noted from time to 
time. It was not till the 13th day that any sensible alteration for the 
worse was observed. The experiment was, however, continued for 17 
(lays more, with the following results : — 

Pteris longifolia. All the old fronds were dcad^ but the vitality of the 
rhizome was not destroyed. 

Pteris semilata was slightly damaged. 

Nephrodium molle was in the same condition as Pteris longifolia. 
Gymnogramma chrysophylla had its old fronds slightly damaged, and they 
were of a yellow colour. 

Adiantum ouneatum. All the fronds had died down. 

Thus it was proved that this amount of cai'honic acid, even when 
gradually added, would in time prove fatal to ])lants. That the efieet 
was attributable, not to the diminution in the proportion of oxygen con- 
sequent on the addition of a large amount of carbonic acid, but to 
something positively deleterious in the latter gas itself, was inferred by 
exposing plants to air impregnated with 20 per cent, of hydrogen, 
which in the course of 10 days aj)peared to exert no sensible influence 
upon their health.* 

692. In the atmosphere of towujs, more e8j)ecially those in which 
chemical and other manuhietories exist, there are many gaseous and 
other matters present which interfere in a marked degree with tlie 
growth of plants. Eveiy cultivator know^s the difficulty of growing 
Koses and many valuable garden flowers in such situations. Drs. 
Turner and Christison were led to examine the influence of gases on 
plants, o!i account of having been called upon to give evidence as to 
the effects of a hlack-ash manufactory on the vegetation in its neigh- 
bourhood.f They found that many gases, even in minute quantity, 
injured and destroyed the leaves of plants, some of the gases acting as 
irritant poisons, others as narcotic poisons. The former destroyed the 
texture of the leaves and altered their colours, wdiile the latter killed 
the leaves without producing any local effects on the textures. Sul- 
phurous acid gas, which is very commonly met witli in the atmosphere 
■of towns was found to he exceedingly deleterious. Where four or even 


* Daabeny, on the influence of carbonic acid gas on the health of plants, in Report of British 
Association for 1849, p 56, and 1860, p. 169. 

+ Turner and Chnstlsoii on the eftbets of the poisonous gases on vegetables -Edinburgh Medical 
and Surgical Journal, xx\lii. 866 
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otily 2 cubic inches were introduced, along with a young Mignonette 
plant, into the air of a glass jar, capable of containing 470 cubic inches, 
the leaves of the plant became greenish-grey and drooped much in less 
than 2^ hours ; and, though then taken out and watered, it soon died 
altogether. The extraordinary destructiveness of the gas is still better 
exemplified in the following experiment : — “ A wide-mouthed bottle, 
containing a mixture of 6 cubic inches of air, and 25-lOOths of a cubic 
inch of sulphurous acid gas, was fixed mouth uppermost, on a stand 20 
inches high ; at the bottom stood a young Mignonette plant, a young 
Laburnum tree 6 inches in height, and a young Larch, which had been 
transplanted at least five days before and had recently been well 
watered ; and, over the whole was placed and carefully luted to the 
table, a glass jar 2 feet high, and of the capacity of 2000 cubic 
inches, so that the proportion of suljdmrous acid was nearly a 9000th 
part. The jar stood in a situation where it was exposed to a bright 
diffiised light, but not to the sunshine.^^ In the course of 48 hours 
all the plants were evidently affect(‘d. The tips of some of the leaves 
of the Mignonette and Larch were shrivelled, and of a greyish colour, 
and some of the Laburnum leaves were marked with greyish-yellow 
spots. After a nmewuil of the air with the same proportion of tlie gas, 
the plants were allowed to remain 48 hours longer in it, and the result 
was, that the leaves of the Mignonette and Larch were withered, 
esj)ecially at the tips, while those of the Ijabiirnum wtvc afiected in a 
marked degree throughout their whole extent, and the slightest touch 
caused them to fall off. The effect of the gas in repeated experiments 
seemed to resemble, in many respects, the ordiiiary decay of leaves in 
autumn. In some of the experiments, the proportion of the acid gas 
was a ten-thousandth oidy, the quantity being one -fifth of a cubic 
inch, and yet the destruction of the leaves was complete in 48 hours. 
This proportion of the gas, although destructive to plants, is hardly, 
or not at all discoverable by the smell. 

693. The effects of other irritant gases on the leaves of plants 
were also w^ell marked. Thus, muriatic or hydrochloric acid gas in 
small quantity was very destructive. A fifth part of a cubic inch of 
the gas was mixed with three inches of air, and placed under a re- 
ceiver, in the same way as in the experunent with sulphurous acid 
gas ; the plants experimented on being a healthy Laburnum tree, five 
inches in height, and a small Larch tree. The effects on the Labur- 
num were evident in the course of nine or ten hours. “ In twenty- 
four hours the leaves had all acquired a dull greyish-green colour and 
dry appearance, and their edges were crisped and curled.^' The Larch 
leaves were wrinkled and dry,^ especially at the tips. Neither of the 
plants, however, were killed. All the imfolded leaves were destroyed, 
but new buds afterwards came out. “ This gas must, therefore, be 
very injuiious to vegetable life, when even so small a quantity as a 
fifth of an inch, although diluted with 10,000 parts of air, destroyed 
the whole vegetation of a plant of considerable size in less than two 
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Ib soiBe experuBonts it was found that one-tenth of a cubic 
va^ In SO^OOO volumea of air had nearly the same effects. This 
muxte proportioix could not be detected by the smell Chlorine and 
nitaeie aieid gas produced similar injurious eSfects in a more or less 
marked manner. Vapours proceeding from the chimneys of chemical 
manufactories take effect through the epidermis of the plant exposed to 
them. Com and grasses have a flinty skin, and hence they are not easily 
acted upon by acid vapour. Com crops are not likely to be injured 
by alkali works unless tbe acridity of the vapour is excessive, or unless 
they are exposed to it when young and tender. Such is also the case 
with grass land. Elms, Sycamores, and some other trees suffer 
little from acid vaimrs. The reason of this has not been ascer- 
tained. Probably their surface is protected by some peculiarity ( f 
structure. 

694. Acid gases attack first the tips of the leaves and then ex- 
tend to the stalks, and it is found that wlien the quantity is not great 
the parts not attacked generally survive, if tlie plants are removed 
into the air. Narcotic gases act very differently. Thus, Drs. Turner 
and (Miristison found that 4^ cubic inches of sulphuretted hydrogen in 
80 volumes of air, in the course of 24 hours, caused severjil of the 
leaves of a plant to hang down perpendicularly from their stalks in a 
flaccid state, without injuring their colour ; and though the plant was 
then removed into the air, the whole stem soon began to droo]), and 
the plant died. When 6 cubic inches of the gas 'were mixed with 60 
times their volume of air, the leaves began to he affected in 10 hours; 
lliey became quite flaccid, hut did not a})p('ar changed in colour. 
AVhen the leaves had once drooi)ed tlie plants did not in any instance 
recover when removed into tlie air. 

695. The effects produced by ammonia, c} aiiogon, carbonic oxide', 
and common coal gas, arc in many respects similar to those now de- 
scribed, viz., a drooping of the leaves without alteration of colour, and 
the death of the plant even though removed into the air. The phe- 
nomena, when compared w'itli what was observed in the instances of 
sulphurous and hydrochloric acid, w'onld appear to establish, in rela- 
tion to vegetable life, a distinction among the poisonous gas(‘s nearly 
c(|uiva]ent to the difference existing between tljc effects of tlie iiritant 
and narcotic poisons on animals. The gases which r.ank as irritants 
in relation to animals seem to act locally on vegetables, destroying 
first the parts least supplied with moisture. The narcotic gases, in- 
cluding under that term those which act on the nervous system of 
animals, destroy vegetable life by attaching it throughout the whole 
plant at once — the former probably only abstracting the moisture of the 
leaves, the latter acting by some unknown influence on their vitality. 
The differences now noticed seem to indicate that the injury cau&(‘d to 
plants by the air of towns must be ownng to some irritant gas, such as 
sulphurous acid. The plants are rarely killed altogether, they are 
only blighted for a season, and again renew their l(‘aves in spring. 
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This repeated injury of the kaves must however tell ultimately on the 
life the plants.* 

696 . The experiments just detaOed show the importance of attend- 
ing to the nature of the atmosphere in which plants grow. The 



I Ife 1 1 

blighting effects of the air of laigc cities aie o^wiiig to the gases con- 
tained in the smoke, and unless means aic taken for guarding against 

l Iff 1162 A Waidian Case for a drawing room, consistinff ot a Btrong wooden box or trough, 
a, supported on a stand, and coxeied with a gHzed frame, b The box is filled with lonni, sand, 
and peat, laid ovei a layei of gravel and bioken bricks ^ atf r is freely poui td ox er the soil at fiist, 
and It IS allowed to drain ( 0 by moans of tw o boles m the bottom of the box, winch are subsequently 
stopijod up with corks Attcr the plants hax^been put into the soil, the gl i/cd frame, made of wood, 
zinc, or brass, is dtted on carefully in a grooxo on the upper p iit of the box In the frame thcie is 
a gloss dooi foi the purpose of allowing the removal of dead Icux i s, and of pcimitting air to enter 
freely when the atniosphcrom the Case is too moist This kind i f Case, along xvith others, is to be 
seen in the Museum of Economic Botany at the Edinburgh Bot inic 0 udtn 


* Experiments of a similui kmd were peifornud by Messrs Glad'itone, and reported to tlu 
British Association m 1850 and 1861 
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these, it is not to be expected that town vegetation can l»o luxuriant. 
The common gas used in houses is also prejudicial to vigorous growth, 
and this combined with the dry atmosphere of rooms is the cause of 
plants not succeeding well in private dwellings. The transpiration 
fi^m the leaves in such circumstance is very great, and it is impos- 
sible to make the roots take up sufficient moisture to supply the loss. 
Hence the leaves fall off wid the plants become sickly.* 

697. With the view of enabling plants to grow in the atmosphere 
of towns, notwithstanding the fuliginous matter and gases with which 

it is loaded, Mr. N. B. Ward 
invented closely-glazed Cases, in 
which he succeeded in cultivat- 
ing tender plants, even in one 
of the most populous and smoky 
localities of London. Two of 
these Oases are represented in 
Figures 1152 and 1153. Each 
consistsof a strongbox or trough, 
a, made of well-seasoned wood, 
containing earth. The bottom 
of the box is covered to a mode- 
rate <leptli witli gravel and broken 
bricks, over which the soil is 
spread, composed of fibrous loam, 
sand, and peat. The nature of 
the soil may be varied accord- 
ing to circumstances, and the box may be divided into compartments 
containing soils of different kinds. The soil is well watered, and the 
superfluous water is allowed to run freely from two holes in the bottom 
of the box. After draining fully, the holes are tightly closed with 
corks, and the glazed roof or cover, 5, is fitted on carefully in a groove 
round the upper part of tlie box. This glazed cover may be formed in 
various ways. It is frequently made of zinc, with large panes of 
glass, the upper one being curved as in Figure J152.-i- 

698. Plants from various countri(‘s arc enabled to thrive in such 
a Clase without interference. In May J838 Mr. Daniel Ellis f con- 
striieted, under tl)e direction of Mr. James M‘Nab, a Plant-case, of 
which the following are the dimensions: — .Stand 1 foot 10 inches in 
height, trough or box 8^ inches, covei* 1 foot 7^ inches — the total 

Fiflr. 1163. Another form of Wardian Ca'»c, prepared by Messrs. Drummond and Son, Canonmills, 
IMinburgh. It is constructed on the same principle us that in Figure 1153. 



Fig. 1153. 


* The nitric acid generated in the air during thunder storms may perhaps act injuilously on the 
leaves of plants, unless its eifects are neutralized by the presence of ammonia In the atmosphere. 

t A variety of iieautiful forms of Cases are given by Mr. Ward in his work on Closed J’lant-rases, 
I/mdon, 186*2. He gives an account of Fcrn-Cusca, Alpine-Ciasos, Drawing-room Casps, Spring- 
flower f ’ases, Tropical-Cases, Window-Cases, Aciuatic-Cascs, and Transport-Cuses. 

t A lull account of this Case, with drawings, is given in Loudou’h Gardener's Magazine, xv. 481. 
'J’he Case may be seen in the Museum of Economic Botany of the Edln. Botanic Oaiden 
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height being thus 4 feet 2 inches, the length 3 feet, and the breadth 
foot. The box was made of well seasoned St. Domingo mahogany, 
the sides being inch thick, mitred and dovetailed together at the 
corners. The frame- work of the cover was made of brass, and brass 
rods extended across the roof for the purpose of suspending plants. Mr. 
Ellis gives the following statement regarding the growth of plants in 
this Case after trial of a year, during which no fresh water was given ; — 


PLANTS IN THE CASE. 

Country. 

RoniarVs. 

Oham&orops humilis . . 

South of Europe 

f Increased its ori- 
\ ginal size 

Gentiana vema .... 

Britain 

Flowered 

Adiantum Oapillus Veneris 

Britain 

Increased | 

Primula farinosa . , . 

Britain 

Flowered 

Primula scotica . . . 

Britain 

Flowered 

Chamfcrops Palmetto . . 

North America 

Increased ^ 

Dionsoa muscipula . . . 

North America 

Increased 

Sarracenia purpurea . . 

North America 

( Increased 4 times its 
\ original size 

Epigsea repens .... 

North America 

Increased A 

Aloe retusa 

Cape of Good Hope 

f Increased flower- 
1 ing spikes appeared 

Testudiuaria Elephantipes 

Cape of Good Hope 

( Made a shoot 10 

1 inches long 

Rhododendron Chrysanthum 

Siberia 

Increased ^ 

Cycas revoluta .... 

China 

Increased \ 

Nepenthes destillatoria 

Ceylon 

Increased | 

Cypripedium venustum 

Nepaul 

Increased i 

Echinocactus multiplex . 

Mexico 

Increased X 

Echinocactus peruvianus . 

Mexico 

Increased 

Epiphyllum truncatum 

Brazil 

Increased \ 

Cereus flagelliformis . . 

Peru 

Increased ^ 

Lycopodium stoloniferum . 

Cuba 

Very luxuriant 


699. Plants, in these Cases, are enabled to stand great changes of 
temperature without being injured, and they are protected from noxious 
matters in the atmosphere, besides having always sufficient moisture. 
Ferns and Lycopodiums, in an especial manner, succeed in such Cases. 
Those ferns which re(juire much moisture and shade, such as Tricho- 
manes radicans, can be grown succ(*ssfully. The atmosphere, however, 
can be varied as regards moisture and dryness, and thus can be suited 
to different tribes of plants. The Cases are well fitted for rooms or 
dwelling-houses, inasmuch as they prevent the excessive exhalation 
which so generally injures plants grown in these circumstances. The 
windows of a room may be converted by means of double sashes into 
such Cases, and occasionally Wardian conservatories of large size are 
thus constructed. Ward has erected one at Clajdiam, in wdiich he 
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cultivates Ferns, small Palms, Bamboos, Musas, Gannas, Clerodendrons, 
Acbimenes. Passion-flowers, Manettias, and Aristolochias, cover the 
pillars and festoon the roof, from which also Orchids are suspended. 
A tank at the end aflbrds accommodation for aquatic plants ; and the 
whole, as Moore remarks, forms a beautiful miniature tropical forest 
scene.* An aquatic plant case, or parlour aquarium, has been em- 
ployed by Mr. Warrington on the Wardian principle.f 

700. Tlie Cases have been applied most successfully to the trans- 
port of living plants, and many valuable productions have thus been 
introduced into different countries. Mr. Ward mentions that in June 
1833 he filled two Cases with Ferns, Grasses, <feo., and sent them to 
Sydney in safety. “ The CVses were refilled at Sydney in February 
1834, the thermometer being then between 90" and 100" in the shade. 
During their voyage to England they encountered very varying tem- 
peratures. The thermometer fell to 20" in rounding Cape Horn, and 
the decks were covered a foot deep with snow. At Rio Janeiro the 
thermometer rose to 100", and in crossing the line to 120". In the 
month of November, eight mouths after their departure, they arrived 
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in the British Channel, the thennometei being then as low as 46". 
The Cases weic placed upon deck, and the plants had not been watered 
during the whole voyage, and yet, on their arrival in Britain, they 
were in a most health} and vigorous condition.'' The transplantation 
of Coffee, and other plants whose seeds do not long retain vitality, has 
been effeeted by this means most successfully. Plants of Musa Caven- 
dishii have been introduced into the Navigation Islands with the hap- 

iig 1154 A Wardian Case, dtsipicd by Messrs Diummond and Sons Canoninills, fitted for 
being sent to a dlstonoo, consisting o( a trough, a, supported on feet, containing soil as m the otlui 
figures, and a sloping roof, 5, glazed on both suit s with long narrow strips of thick gloss At one 
side of the glass roof is shown the protoctivL -wire grating whnh is made so as to cover the glass 
on both sides. The canvas on the rollers, c, at tiie top of the case can be unrolled at pleasure, so as 
to cover the glass roof 

Fig 1155 A cross section of the same portable Wardnn rase, showing the form of the roof, I, 
the extent of the sod, a, the contained plants, and the lolleis ( 


* A representation of this fern house is gntn In the Gnidenei s Magarino of Uotanx, \ol ili 
149, 1851 

\ The Gaidener’*? Mag of Jlotanj Inmnn 1852, p 5 nheio n diming is gnen of the ( ise 
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piest results ; Tea plants have been transported in great numbers from 
(/hina to India under the direction of Mr. Fortune, and they are now 
growing vigorously in the Himalayas. Mr. Fortune sent to the Hor- 
ticultural Society of London a number of these cases filled with plants 
from China. In the old mode of conveyance, one plant only in a 
1000 survived the voyage from China to England, whereas, by the 
Wardian method, 215 out of 250 anived in perfect health.* From 
the Botanic Garden of Edinburgh there was lately sent to India a case 
containing plants of Cinchona Calisaya (true Yellow-bark), Jalap, and 
Scammony, which the East India Company wished to introduce into 
their possessions, and tlie Garden at Madras, under the charge of Dr. 
Cleghorn, has been supplied with various important plants. 

701. The Cases used in such instances are strongly and coarsely 
made. The glass covering is firmly fixed, and the glass itself is thick, 
and glazed in pieces of moderate size, so as to avoid the risk of fi’ac- 
lure.f A Waidiaii transport case is represented in Figures 1154 and 
1155, ill which the glass frame is protected with a grating of iron 
wire, and in which there are canvas coverings capable of being un- 
rolled, so as to screen from the direct rays of the sun if necessary. 
The soil should not be less than 8 or 10 inches deep, and the plants 
should be fairly established in it for some time before it is sent off, the 
soil being afterwards kept down by cross-bai's of wood. The most 
important matter to he attended to in the transmission of plants in this 
way is tht*ir exposiii'e to light. The moisture supplied at first should 
be sufiieient for the voyagi*, and unless there is some one on board who 
understands the cultivation of plants, the cases should never be opened 
from the time they are shipped until tliey arrive at their destination. 
When a person accompanies the cases who is acquainted with their 
management, then tluy may be oj>ened, and the plants examined from 
time to time with the most beneficial r(*siilts. The stillness of lh(‘ 
atmosphere seems to contribute in no small degi’ee to the safety of the 
plants during vicissitudes of temperature, and the eCTcct of the spray 
of the sea is prev(‘nted by tlie closeness of the covering. The bottom 
of the cases should be raised at least six inches from the deck of 
the vessel, so as to he less liable to injury when the decks are 
washed, 

702. When Cases arrive at their destination, the plants should not 
be rashly exposed by the immediate removal of the glass frame. By 
attending to this, the plants will be less liable to be injured. It is 
an error to suppose that no interchange of air takes place between 

* Fortune on the Transmission of Living Plants by Sea, in Jouni. of Iloit. St)c- of Lend. 11. 115. 

+ Loudon’s Encyclopa‘dia of CJardcning, i'dlt. 1835, pp. 639, 540. 

t Mr. Fortune gives tlie following ducctions as to the Onses when shiiiped “ Do not move 
them from the poop; never allow them to be opened; should nnj atcident happen to the gluss, 
repair it iinmcdiutcly, either with glass, oi, whore that cannot ho had, with a pieee of thin boanl ; 
in ‘Stormy weather, wlien theio is any probability of spray coming o'tr the pooj», throw an old 
sail ON er the Cases ; and lastly, noNcr allow the sailoi's to thiow a diop of w.itei over them when 
they are washing decks in the morning ” 
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tbe inltailor of tbe Otaes wid ike atmoq[>hera« They are not heme* 
tioiBy eealedy atid hy the law of diffumon of gases, the emalleat chink 
will dbw such an inteFchange to take place. But it is accomplhked 
slowly, and many of the impurities m the air are prevented from en- 
tering the cases. Even in a glass globe hermetically sealed^ plants 
will continue to live for many years, as was proved by an experiment 
conducted by Dr, Graham in the Botanic Garden of Edinburgh.* 


V. COLORATION OF LEAVES. 

703. The green colour of leaves depends on the production of 
chlorophyll (p. 34), which is only developed under the agency of 
light.*!' The leaves in the young bud are of a pale yellowish hue, and 
assume their green tint in proportion as they are exposed to light. 
The change of colour takes place more or less rapidly, according to 
the intensity of the light. The leaves of French Beans, which sprung 
white out of the earth, were observed hy Benchier to become green in 
one hour under exposure to very bright siinshiuo.J Plants, when grown 
in darkness, have pale leaves, which become green on exposure to 
light. It is said that an etiolated plant, when ex]>osed to light, 
becomes green at the end of twenty-four hours, even under water. 
Difiusc day-light, and even the light of lamps, will cause a green 
coloration, § but the intensity of the colour is much less than in full 
sunshine.il 

704. Ellis states that “ in North America the operation of light 
in colouring the leaves of plants is sometimes exhibited on a great 
scale, and in a very striking manner. Over tlie vast forests of that 
country, clouds sometimes s}>read and continue for many days, so as 
almost entirely to intercept the light of the sun. In one instance, just 
about the period of vernation, the sun had not shone for twenty days, 
during which time the leaves of the trees had reached nearly their full 
size, but were of a pale or whitish colour. One forenoon tlie sun 
broke forth in full brightness, and the colour of the leaves changed so 
fast, that by the middle of the afternoon the whole forest, for many 

* For full details in regard to Wardian Cases, consult Hooker’s Companion to the Uotanical Magn 
zine, 1836, i. 317. Ward, on the Growth of TJants in closely Glazed Cases, London, 1852. Fills, on 
a Plant-case or Portable Conservatory, in Tjoiidon’s Gardener’s Magazine, xv. 481. The Gardener’s 
Magazine of Botany, iii. 149, in whul) a representation is given of a large Case in Mr. Ward’s subnr- 
ban residence at Clapham Kiso, a visit to which is recommended to all who wish to see this system 
of growing plants carrying out to perfection. Beport of Growth of Plants in Closed Glass Vessels- 
Brit. Assoc. Reports for 1837, p. 501. 

i Mulder says that chloroph}!! is a peculiar body quite distinct from wax or fat, and that it may 
be decomposed, so as to form substances of a yellow, black, or blue colour. The mixture of these 
eolours gives rise to the varieties of shades of green. Oxidizing and deoxidizing agents decompose 
vhloroplijll, and change its colour. 

X Senebier, Mem. Physlco-Chimiqucs, it 78-91 

S De Candolle, Mem. des Savants Eti angers, i. .'Wt 

11 M. (jtris states that the soluble piotosalts of iion, \\lu'n absorbed by roots or leaves ol 
plants, gi\e rise to nn Increased production of chlorophyll See Comptes Rendus, xxi. p 138f>. 
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miles in length, exhibited its nsual summer dress/’* The progress 
of coloration in an etiolated leaf^ when exposed to sunshine, was ob- 
served by Benebier. The most tender parts first passed from white to 
yellow ; the yellow then became deeper ; next some green spots 
appeare(^ on different parts, which multiplied, extended, and met, till 
the whole exhibited a green colour.f Green plants, when placed in 
darkness, lose their leaves, and if allowed to grow in darkness, they 
afterwards produce yellow, or rather whitish-yellow leaves. 

705. Morot says that chlorophyll is formed from amylaceous 
matters and ammonia under the influence of light, and that its forma- 
tion is accompanied with the disengagement of water and oxygen. 
Leaves do not give out oxygen because they are green, but they do so 
during the process of becoming gi’ecn.J Ellis attributes the green 
coloration not to the evolution of oxygen, but to the predominance of 
alkaline matter consequent on the deoxidation of carbonic acid. Thus 
he says the decomposition of carbonic acid, under the agency of light, 
gives rise at once to the evolution of oxygen and the formation of the 
green colour. Dr. Hope thinks that there exists in leaves a peculiar 
colorable principle called xanthogen, which affords yellow compounds 
with alkalies. This substance has the power of forming a gi’een 
colour by the action of light. § Etiolated or blanched plants become 
unhealthy, and tliey are said in such circumstances to evolve carbonic 
acid. In the case of Ijcguminous plants, etiolation is attended with 
the production of a substance called asparagine or malamide, already 
noticed (p. 379). 

706. Experiments have been made in regard to the effects of the 
different rays of the spectrum in the production of the green colour of 
leaves. Senebier ascribed it to the violet rays, || and Ritter and 
Wollaston to the chemical or tithonic rays, which arc next the violet. 
Hunt thinks that the blue rays have the greatest effect in producing 
the green colour.^ Morren, Paiibeny, Draper, and Gardner, say that 
the yellow rays have the greatest effect in producing chlorophyll, as 
well as in deoxidation.** These rays have the greatest illuminating 
power. ff Gardner’s experiments were performed by sending rays 


* Elba, on a Plant-case for growing Plants, &c —Loudon’s Mag xv. 494. 
f Senebier, M6m PhjBico-Chiiniques, ii. 88. 

t Morot, sur la Coloration des V6g6taux.— Ann dcs Sc. Nat. 3d ser Hot. xiii. 160 
5 Ilope, Observations on the Coloured and Colorable Matters m the Leaves and Flowers of Plants, 
in the Proceeduigs of the tto>al Society of Edinburgh for 1836, p 126. 

II Senebier, Mdm. Physico-Chimiqucs, ii 65. 

V Hunt, on the Chemical Action of the Solar Spectrum —Phil. Mag for 1840, xvi. 272. 

*♦ Draper, Chemistry of Plants, p. 61 , Phil Mag for 1840, xvi. 81. Daubeny, on the Action of 
Light upon Plants— Trans. British Assoc for 1833, p 436 , Phil Trans, lor 1830, p. 149 Gardner, 
on the Action of YeUow and of Indigo Light on Plants — ^Phil. Mag. for 1844, p 1. 

tt It IS well known that the diifcrent parts of the spectrum vary in illuminating power, and that 
the yellow has the greatest powei in this respect. A fine printed paper, held in succession in the 
different colours, is legible at very different distances. When held in the yellow it can be seen at a 
considerable distance, but held in the violet it cannot be read unless it is placed near to the eye. The 
other coloured spaces of the Nevitonian spectrum have been shown by Iraimhofei to possess inter- 
mediate lUummatmg powers. 
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through a prism. He sowed a great variety of seeds, and allowed 
them to grow in darkness till they were ready for the experiment. 
The number of plants exposed to each ray averaged 100. The 
spectrum was allowed to fall on the specimens at a distance of fifteen 
feet from the prism, and undecomposed light was shut out by screens. 
Five jars, containing each about 200 turnij) seedlings, were placed 
respectively in tlie orange, yellow, blue, indigo, and violet rays, at 
9 A.M. on 13th August, the day being bright, and the temperature in 
the shade at noon being 80® F., in the sun 95®. The duration of sun^ 
shine was 6^ hours, ajid the results at 3^ p.m. were as follow : — 


Jut. 

Light. 

Ileicht of plant 
at 9 A M. 

KcBult. 

Order. 

1 

Orange 

1 inch 

Green 

2 

2 : 

Yellow 


Full green 

1 

3 

Blue 

H 

Slight olive 

* 

4 

Indigo 

! 1 .. 

Yellow 

0 

5 1 
1 

Violet 

H .. 

Yellow 

0 


On August 14 the same plants were used, with tlie addition of a fresh 
crop (No. 6) in the green ray. ^J'he exposure lasted from 9 a. m. till 
3 P.M., or during 6 hours of sunshine. The temperature in the shade 
at noon -was 85® F., and in the sun 105®. The results at 3 p.m. were 
as follow’ : — 


Jar. 

Light. 

Height at 9 a.m. 

Rchult. 

Order. 

1 

Orange 

inches 

Full green 

2 

2 

Yellow 

24 


Perfect green 

1 

3 

Blue 

3 


Slight green 

4 

4 

Indigo 

3 

?» 

Yellow 

0 

5 

Violet 

3^ 


Yellow 

0 

6 

Green 

1 

” 

Fair green 

3 


The 5th column in the tables contains a comparative estimate of the 
depth of colour, assuming unity of the highest value. When the plant 
did not become green, the value is negative. In the 1st table, oppo- 
site the blue, there is no mark in the 5th column, hut there was a 
visible alteration designated olive, indicating the tint which vegetables 
assume in passing from the yellow colour of darkness to green. The 
tables also seem to show that the blue and violet rays had the greatest 
effect in promoting the growth of the plants.* 

707. Gardner also gives the following table, showing the active 

* TliiB will be noticffl when speaking of the prcrmination of the seed. 
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and inactive rays of the spectrum in producing the green colour oi‘ 
plants : — 


Experi- 

ment. 

Plants. 

Hours 

of Sun*. 

sliiue 

Total 

Time. 

Active JRhIJ 8. 

Inactive Rays 

1 

Turnips 

22 

109 

Red. Orange Yellow. Green. 
4 2 13 

Blue Indigo Violet 

0 0 0 

2 

Beans 

14 

95 

— 2 1 3 

0 — — ■ 

3 

' Turnips 

8 

69 

4 2 13 

— 

4 

Turnips 

23 

101 

— — — 1 

0 0 0 

5 

Turnips 

17.5 

52 

— 2 1 3 

4 0 0 

6 

Turnips 

5.5 

6 

4 2 ] 3 

0 0 0 


The figures indicate the order of the colour in the particular observa- 
tion, 1 being the highest value. The sign — indicates that the effect 
of the ray was not tested, or that the result was defective. In the 
5th experiment the blue ray produced a green colour, but the usual 
effect was a light olive. It usually takes many hours of light to 
develope chlorophyll. Gardner says he has seen it developed in two 
hours, but it generally took six or more. The ex 2 )eriments indicate 
that the less refrangible rays arc most active in producing the gi’epn 
colour of j)lants. It is not stated that tlie blue, indigo, and violet 
rays will not effect this change in time, but that they are remarkably 
inactive. The maximum action is in the yellow light, and diminishes 
on cither side. Tly making light traverse a solution of bichromate of 
potass, so as to have all the tithouic rays absorbed, it was found that 
plants still acquired a green colour, so that detithonized light is 
capable of producing green matter.* 

708. Tlie ray which produces green colour in plants, is also said 
to be that which decomposes carbonic acid. 


Table showing the force of the Solar Rays in producing the Green Colour 
of Plants, in decomposing Carbonic Acid, and in Illumination. 


Places of Spectrum examined. 

Production of 
ChlorophjU 

Decomposition ot 
Carbonic Acid. 

Illuminating 

Power. 

Extreme red . . 

0.000 

0.0000 

0.0000 

Commencement of orange 

— 

.5560 

— 

Centre of orange . . . 

.777 

— 

— 

Centre of yellow . . . 

1.000 

1.0000 

1.0000 

Centre of green , . . 

.583 



— 

Centre of blue .... 

.100 



— 

End of blue 

— 

.0027 

— 


* Yellow substances have a remarkable powci of absorbing the chermcal or tithonic rays Photo- 
sraphists find that these rajs will nol pass throiipb jcllow-colouicd glass 
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AUTUMNAL TINTS OF LEAVES. 


709. In temperate climates the leaves during the period of their 
didiiniBhed activity exhibit changes of colour which give rise to the yel- 
low, brown, and red autumnal tints. These colours seem to depend on 
different states of oxidation in the chlorophyll. Hunt thinks that the 
brown colouring of the autumnal leaves is due to the rays called by Her- 
schell parathermic, wliich can scarcely he said to have a defined place 
amid the calorific radiations, but which are usually most strongly 
manifested in the red rays. A slight tint of green was found to stop 
these parathermic rays, and on that account glass stained green with 
oxide of copper has been used in glazing the Palm House at Kew.* 
Macaire-Prinsep says that tlie leaves, in assuming a yellow colour, 
cease to give out oxygen under the influence of light.-j- He, as well 
as Ellis, tliink that the yellow and red tints are due to the production 
of an acid of some sort. The autumn tints are often very bright. The 
Plane tree (Platanus orientalis), the Hyrcanian Maple (Acer hyr- 
canum), and Balsam Poplar (Populus balsamifera), exhibit yellow 
leaves in autumn ; Acer villosum, rich nankeen brown ; Qucrcus 
tinctoria, Crataegus regia, and Rhus coriaria, brown ; Persian Oak, 
Crataegus ct)ccinea, Cratagus punctata, and Crataegus obtusata, red ; 
Acer circinatura, Pyrus depressa, P. arbutifolia, and P. serotina, bright 
crimson ; V'irginian (;rce])cr (Ampelopsis hcderacea), deep crimson ; 
Rhus typhina, reddish purple. Many Evergreens retain the usual 
tint of their leaves. The leaves of Dacrydium cupressinum have a fine 
green during summer, they become of a brown colour on the approach 
of winter, and again resume their green hue in spring. 

710. It is of importance to consider in planting what is to be the 
effect produced in autumn. The tints may thus be well contrasted, 
and give rise to most beautiful groups. Tnndley remarks that Ber- 
beris acpiifolium, with its brown crimson leaves, forms a charming con- 
trast with the ever- verdant sameness of Laurels, Bays, and other 
Evergi’eens. The Indian Chitra (Berberis aristata), with its dark 
brown wood, crimson k‘aves, and scai'lct fruit, and a few yellow waving 
plumes of the French Tamarisk (Tamarix gallica), form pleasing 
groups, especially when contrasted with the hoary branches and apri- 
cot-coloured fruit of the Crataegus” odoratissima. Red Maples, scarlet 
Oaks, and crimson Sumachs, may be contrasted with yellow Planes 
and Maples, and with Evergreens. 

711. Variegation in leaves is produced either by an alteration in 
the green chromulo or chlorophyll, or by the pn'scnce of air in cer- 
tain foliar cells. Sometimes a single group of cells contains the yellow 
product of the decomposition of the chlorophyll, as in Phalaris arun- 
dinacea picta, a variety which a}>pears in a dry soil, and disappears in 
a wet one ; or as in variegated varieties of Holly. At other times 

* Hunt, on the chemical action of solar radiations, in Ueport of Brit. Assoc. 1860, p. 137. On 
coloured glass employed at Kew — Report of Brit. Assoc. 1847. 

+ Macoire-Prinscp, M^m. sur la coloration automnnle des feuillcs — M^m. dc la Soc. Phys. ot 
d’Hist. Nat. de Uenfcve, iv. 48. 
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the epidermis separates itself from the cells lying under it in particular 
places, and the layer of air lying between these appears like a bright 
silvery spot, as in Begonia argyrostigma and Cardnus Marianus. Tre- 
viranus states that in Monocotyledons the variegations form bands pa- 
rallel to the veins ; in Dicotyledons, such as Carduus Marianus, the 
white is produced in the veins, while in such as Aucuba japonica, the 
yellow spots are distributed without order. lie states also that varie- 
gation is sometimes visible on the upper surface of the leaves, and not 
on the under. Variegation, according to Morren, has its seat deeper 
in the leaf than what is called spotting.* The latter is confined to 
the cuticle or skin, while the former extends to the parenchyma or 
cellular tissue below. 

712. There are various kinds of variegation ; they have been reduced 
to a tabular form by Morren, of which the following is a brief abstract: — 

1. Leaves with a border of white, yellow, pale green, or purple ; seen in 

varieties of Box, Holly, Guelder-Rose, Beech, Chestnut, Cornel, Elm. 

2. Leaves having the centre of the leaf white or yellow, the border being 

green ; seen in varieties of Holly, Spindle-tree, Bird Cherry. 

3. Leaves with the centre and border green — the one being separated from 

the other by a white or yellow zone ; seen in Snowberry plant (Sym- 
phoricarpus racemosus). 

4. Leaves irregularly marked with white or yellow spots, such as in 

Aucuba japonica. 

5. Leaves having the ribs and veins green, and the intermediate cellular 

tissue or parenchyma white or yellow ; this is seen in some varieties 
of Aucuba japonica. Barberry, Manna- Ash, Elder. 

6. Leaves having ribs and veins white or yellow, while the intermediate 

parenchyma is green ; seen in varieties of Apple, Elder, Wood-Sorrel, 
Common Avens, Common Maple. 

7. Leaves striped with longitudinal, parallel, or converging bands ; this 

is seen in many Monocotyledons, as Crown Imperial, Lily of the 
Valley, Hemerocallis fulva. 

S. Leaves having three or four tints on the upper surface, distributed in 
the parenchyma between the principal ribs or veins, and following 
their direction ; seen in marbled varieties of Oak, Sycamore, Horse 
Chestnut, Hawthorn, Cherry, Laurel, Elm, Guelder-Rose. 

9. Leaves or leaflets, white, yellow, or red at one side of the midrib, the 
other green ; seen in Lilac, Spindle-tree, Black Birch, Rhamnus Fran- 
gula. Box, Common Maple, Viburnum dentatum. 

10. Leaves with the base or the apex only discoloured, as in varieties of 

Comus mascula and alba. 

11. Leaves having one or several discoloured transverse bands perpendicular 

to the direction of the midrib ; seen in varieties of Comus mascula 
and Viburnum dentatum. 

12. Leaves entirely yellow or White, as in varieties of Juniperus Sabina, 

Common Juniper, Oak, Horse Chestnut, Thuja oricntalis, Acer plata- 
noides. 

* Dodonaca ou Rcuieil d’obsorvations de Botaniqne. Scp also 8<igeret sur le moyen de faire 
naltrc les vdg6taux feuillea panachdes— Ilort. Bclg. 1S36, p 
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713. These various modes of variegations have been thus classified ; 
1. Margined and bordered ; 2. discoidal ; 3. zoned ; 4. spotted ; 5. 
and 6. reticulated ; 7. strii)ed ; 8. marbled ; 9. variegated by half ; 
10. variegated at the point; 11. fasciate; 12. entirely discoloured 
or albinism.* The causes of variegation are stated to be disease in 
the cellular tissue produced by climate and soil, hybridization, ferti- 
lization with variously coloured pollen, and grafting.f 


VI. IRRITABILITY AND CONTRACTILITY OF LEAVES. 


714. Certain leaves display evident movements under the influence 
of light, heat, and a stimulus either of a mechanical or chemical 



ng. 1166 



hg. 1157. 


nature. The clTects of light and darkness arc freipicnlly very marked 
in causing the elevation and depression of leaf-stalks, and the expan- 
sion and folding of leaves. The changes which take place in leaves 


Fig. 1166. Compound leaf of Rolimiu, ghoMiiigan mtumcBceupp vthcic the leaf-stalk joins the stem, 
and swellings at the base of each of the pinnte. 'lhi> leaflets tpinmi*) close during daikncss, by folding 
upwards, so os to bring then upper surlaics into contact. The celluhr swellings at the base of the 
peliole and leaflets seem to be couierned in those limge-like Uiu^eInents. 

lig 1157. Compound leaf of Gleditarhm trlacanthos, the Ipaflets of which close during darkness. 
Swellings exist at the base of the leaf-stalks and leaflets 

* Gardener’s Mugozino of Botany for 1851, p 211. 

t For further remarks on tlic colours of leaves, see Macau e-Piinscp, sur la roloiation automnalc des 
feuilles — trans in tlie Edin. New' rhilosophical Journal, m 270. Mold, sur la coloration liiberualc 
des feuiUcB — Aunalcs des .Sciences Nat. 2d ser. Hot. ix. 212 Momt, Kedierches sur la coloration des 
Vtfgdtaux- Ann des Sc. Nat 8d ser. Bot. xiii. 160 
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during darknebs were included by Linnaeus under what he called 
the sleep of plants. During darkness leaves often hang down, and, 
in the case of compound leaves (Figs. 1156 and 1157), there is also 
a folding of the leaflets, either in an upward direction, as in the 
sensitive Mimosas, or downwards, as in Tephrosia earibsea. Hoffinann 
thinks that the sleeping and awakening of leaves are duo to tempera- 
ture, and that light only influences the phenomenon in so far as it 
contains caloriflc rays. Plants e^-pand their leaves after the receipt of 
a certain sum of degrees of temperature.* 

715. Very obvious movements occur in the leaves of many species 
belonging to the natural orders Leguminoss?, Oxalidacese, and Drose- 
raceaj. Among Leguminous plants may be noticed species of Mimosa, 
Robinia, ^Ischynomene, Smithia, Desmanthus, and Neptunia ; in the 
family of Oxalidacese, many species of Oxalis exhibit a cerlain degree of 
irritability, but it is chiefly observed in the pinnate-leaved r>i()pliylum 
sensilivum ; while among Droscraceae the leaves of Diona'a muscipula 
have a remarkable irritability, and those of the species of Drosera also 
exhibit traces of it. In some plants the movements are most marked 
in the young state. 

716. The movements exhibited by the leaves of plants maybe 
divided in the following manner : — f 

1 . Movements which depend upon the periodical returns of day and night. 

Under this head are included the phenomena of the sleeping and waking 
of plants, which are influenced solely by light and darkness. In 
geneial the parts during the night resume, as far as possible, the 
position which they occupied in the bud, and this the more accu- 
rately, the younger and more tender the leaf. 

2. Movements, which besides being influenced by light and darkness, are 

also occasioned by any external or chemical agency, as evidenced by 

the following sensitive plants : — 


.^schynomcne indica. 

Mimosa pcllita. 

„ „ pumila. 

„ pernambucana. 

„ „ sensitiva. 

„ pigra. 

Averrhoa Bilimbi. 

„ pudica. 

„ Carambola. 

„ quadrivalvis. 

Bio])hytura (Oxalis) sensitivum. 

„ sensitiva. 

Desmanthus lacustris. 

„ viva. 

„ „ stolonifer. I 

Neptunia plena. 

„ „ triqueter. ' 

Oxalis Acetosella. 

Dionasa muscipula. 

j „ camosa 

Drosera rotundifolia, and other 

„ corniculata. 

species. 

„ Deppei. 

Mimosa asperata. 

1 „ purpurea. 

„ casta. 

„ stricta. 

„ dormiens. i 


„ humilis. | 

1 Smithia sensitiva. 


* U(»fltnanu, Unt«T8Uflmngen upber den FflunzeiiSthlat ; sur le Boirnnol des Plantes JVnnales tits 
Sc Nat. 8d ser. Bot. xiv. 810 , also Botauical Gazette, m 62 

+ SctUeiden’s Ibinciplea of Jtotony, translated by Lanbester, p 561 
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3. Movements independent^ to a certain extent, of external induences, as in 
some of the leadets of 

Hedysarum cuspidatum. ifedysarum lasvigatum. 

„ gyrans. „ vespertilionis. 

„ gyroides. 

717. Brignoli, Morren, and otlierH, observed excitability and move- 
ments in the temate and quaternate leaves of several species of Oxalis 
(Fig. 1158), at a high temperature, and in the pinnate leaves of 
Biophytum sensitiviim, and of Averrhoa Cararabola.* In the case of 
the species of Oxalis, when the sun darts its rays at mid-day on these 
plants, the leaflets are flat and horizontal, and are so placed that their 
margins are in contact. But if the common petiole is struck gently 
and repeatedly, or if the whole plant is agitated, at the end of about 
one minute, provided the heat is great and the smi bright, each leaf- 




Fig. 1158. 


Fig. 1159. 


let folds upon itself from below upwards, and subsequently hangs 
down. The same phenomenon takes place during darkness. 

718. In Mimosa pudica and sensitiva, which usually receive the 
name of sensitive plants, the motions of the leaves are very con- 
spicuous. They are influenced by light and darkness, and they are 
exhibited on the slightest touch. In these plants the leaf, as repre- 


Fig. 1168. Wood-sorrel {Oxalis Acetosella), with its ternate leaves, which are said to display a 
certain amount of irritability when exposed to bright sunshine. During the night each of the three 
leaflets, forming the compound leaf, fold on their midnb, and then fall down towards the common 
petiole. Some say that this plant is the true Irish Shamrock. 

Fig. 1169. Branch and leaves of Sensitive plant {Mimosa pudica), showing the petiole in its erect 
state, 0 , and in its depressed state, h ; also the leaflets closed, c, and the leaflets expanded, d. At the 
base of the petiole, a swelling or intumescence (pulvmns) is observed, and smaller swellings exist at 
the base of each partial petiole, and at the base of each leaflet. During darkness the leafstalks hang 
down, and the leaflets are closed, while the reverse is the case during hght. The cellular swclliiigs at 
the base of the petioles and leaves are concerned in the movements. 


* Morren, sur Fexcitabilitd et le mouvement des feuilles chez les Oxalis, Bulletin de I'Acad. Roy. 
de Bruxelles, vi.— Annales des Sc. Nat. 2d ser. Bot. xiv. 850. Bimce, account of the sensitive qualities 
of Averrhoa Carambola^Phil. Trans. Ixxv. 360. 
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sented in Figure 1159, is a compound bipinnate one, having four 
partial leafstalks proceeding from a common petiole. The small 
pinnules or leaflets are expanded horizontally when the plant is in 
the light and in its natural state, but when it is in darkness, as well as 
when the leaves are touched or irritated, the pinnules fold upwards, 
so as to bring their upper surfaces into contact, and at length the petiole 
is depressed, so that the entire leaf falls down. When the whole leaves 
are thus folded and depressed the plant appears as if it were withered 
and dead. When light is introduced, or when the irritation is re- 
moved, the leaflets gradually unfold, and the leaf-stalk rises. In 
the ordinary state of the plant these motions go on daily. If two of 
the leaflets at the extremity are touched, or are irritated by heat from 
a lens, or by electricity, without agitating other parts, tliey fold up- 
wards, and a similar movement takes place in the adjoining leaflets in 
regular succession from the apex to the base of the petiole. The 
irritation is also communicated to the neighbouring partial petiole, the 
leaflets of which fold in a reverse order, namely, from base to apex. 
The movement may be propagated until the partial petioles converge 
and fall down ; and, finally, tlie general leafstalk is depressed. If the 
lower leaflets are first irritated, the foldings take place from the base 
to the apex of the petiole ; if the middle leaflets arc touched then the 
foldings occur on each side. 

719. The stem itself seems not to be directly concerned in the 
motions. It may be injured in various ways without causing contrac- 
tions to take place. A section may be made of it with a leaf attached, 
and yet the leaflets may remain expanded. If, however, there is ap- 
plied to the stem any irritating substance, such as a mineral acid 
which can be absorbed by the cells, then in process of time the 
petioles fall and the leaflets fold. Fee states, that the cut leaves of 
the plant, when placed in water, retain their irritability for several 
days. Artificial light from six lamps, according to De Candolle, 
caused the expansion of the leaves. He exposed sensitive plants 
for several days to the influence of light during the night, and of 
darkness during the day. In these circumstances, the plants at first 
opened and shut their leaves irregularly, but at the end of some days 
they became accustomed to their new position, opening tlieir leaves in 
the evening (their time of light), and closing them in the morning (their 
time of darkness). When the plants were exposed to continued light 
they still exhibited alternations of sleeping and waking, but each of 
the periods was shorter than usual. Wlien they were kept in con- 
tinued darkness the alternations of sleeping and waking became very 
irregular.* M. Zantedeschi, from experiments performed at the 
Botanic Gi rdens at Venice, Florence, and Padua, maintains that the 
lunar rays affect the motions of sensitive plants. He distinctly traced 

* Be Candolle, Fhysiologie V^gdtale, u 800. M^moire sur I’lnUuence do la lumi^re tuiificielle but 
lei plantei— M^m. de Savans Etrangers, i 370. 
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the movements to tlie influence of the moon's light, and not to the 
action of heat. The chief plants experimented on were Mimosa ciliata, 
M. piidica, and Desmodium gyrans. Tlie results, ascertained at the 
temperature of 70^^ Fahrenheit, when Saussure’s hygrometer indicated 
a medium state of humidity, were, that the leaf-stalks of Mimosa 
ciliata, under the influence of moonlight, were raised of an inch ; 
those of Mimosa pudica were raised 1 inch ; whilst the leaflets of 
Desmodium gyrans exhibited distinct vibrations. 

720. The action of the wind, or any general agitation, causes the 
simultaneous folding and depression of the leaves ; but the (piick repe- 
tition of an irritation exhausts the sensitiveness towards it. It ap- 
pears that the plants may become accustomed to a weak stimulus. 
Thus, Desfontaines carried a sensitive plant with him in a coach, the 
jolting of which caused the leaves to close, but ere long the plant 
became accustomed to the motion, and the leaves expanded. The 
more vigorous the plant, and the higher the temperature to which 
it is exposed, the more sensitive it is. The leaf of the Mimosa is 
sensitive of various kinds of stimuli, sucli as shaking, wounding, 
burning, contact of irritating fluids, electric and galvanic sliocks. 
Many chemical stimuli cause the leaves to fold. Thus the vapour 
of prussic acid, of chloroform, and of ether, is found to produce 
this effect ; and in sucli cases the irritability of the leaves is either 
destroyed, or, at all events, a coiisiderable period elapses before 
it is restored. Marcet says that one or two drops of chloroform 
placed on the lip of the petiole made it droop, and caused the leaflets 
to close in succession from ajiex to base. The influence extended to 
the other partial petioles and their leatlets. Although the leaflets ex- 
panded afterwards, yet they were nearly insensible to the excitement 
jiroduced by touch. When chloroforinized several tim(‘s they at length 
lost their contractility.-}- Professor Simpson found that the vapour of 
chloroform affected the sensitive plant. If the vapour was either too 
strong or too long continued, the plant was destroyed. When it was 
weak, and applied only for a few minutes, the leaflets in some plants 
closed, as when irritated, and did not expand again for an unusual 
length of time. In other plants under exposure to chloroform, no 
closure of the leaflets took place, and in a few minutes the plant 
became so anaesthetized that the mechanical and other irritations of 
the leaflets and petiole did not produce the comnmn movements, nor 
did the irritability become restored for a considerable time after- 
wards. J 

721. The Yellow-water Sensitive plant (Ne])tunia plena), found 
in the East and West Indies and in South America, exhibits irrita- 

* ComptcB Rciidus, Oct. 1852. 

t Marcct, oil the action of chloroform on the Sensitive plant -Ldni. Xcw riiilosophicnl Jouinnl, 
vlvi 293 

t Edin New PhiloB. Journal, xlvi. 295. 
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bility in its petioles and leaflets.* The leaves of V eiuis'b Fly-trap 
(Dionfiea muscipula), an American marsh plant, are piovided with a 
jointed blade (Fig. 1160), on each half of which are placed three haiib, 
with swellings at their base. When these hairs are touched or irri- 
tated in any way, the two halves of the leaves close. Flies and othei 
insects are often found enclosed in the leaf, and hence the name given 
to the plant. It is said that the Sundews (Drosera) of our marshes 
also exhibit a certain degree of contractility, but this has not been 
distinctly proved. Their leaves (Fig. 1161) are provided with viscid 
glandular haii*s, to which insects are often found adherent, wliile the 
leaves are partially folded. 

722. In the case of Hedysamm (Desmodium) gyrans, a native of 
the East Indies, the jdienomena of leaf-motions are very remarkable. 



>ig IICO ligllGJ Iig 1162 


The leaf, as represented m Figuie 1162, is unt^qually pinnate, having 
a large leaflet or pinna at the extiemity of the stalk, and two ))aiis of 

Fig 1160 Leaves of Venus b riy-tri]) wfWCTfM/fl) winch exhibit eMdint irritability Tlie 

leaf coiiBists ot two pu-ts, a laniiuji or bU(l(, ?, and a pttiuh oi lealstalk, p The two halves of the 
blide die uiiitfil b) a soit of hiii_o «, and time are on tacliof tlicm tliiee hairs, wliuh, wlicn touched, 
cause th( folding ot the laniin.c in the w ly leprestiittd at / and h At the base of t ich of tin hairs 
there is a swelling ihe iintation sllius to he conunuiiic lUd by mt ana of the vess' Is to the inidnb. 
and the folding is owing to the tui gtsci ih e oi the low u ( t Us of tin midrib Tlie motion is ut the i a 
ture of a hinge ]oint 

lig 1161 Le if of a species of Sundew co\eitd with glandular hau 8 Thtsi 

bans secrete a viscid fluid, which ofttii detains inseits The leaves aie sometimes seen piutially 
foldtd This folding is supposed to be due to initihilily 

lig 1162 A portion of the bianrh and levf ot the moving plant of India or Desniodtum 

gytans) Ihe leaf is impari piiuuti , and often pmu itdj-tiifoliolute Ihe 1 irg( odd leiflet, a, 
becomes more or less hoiizontal, under the infliu iice ot light and heat, and is dipicssed during dark- 
ness or cold Besides ihe niovement ot using and filling, it has also a lateral o&dllitoi} motion, so 
that it often btiomes oblique in its position lel itm to the haf-stalk At its bast tlu n is a tellulai 
intumescence Hie sm illir Icalli ts, A, of whuh there iitluronc oi two pans h im also Bwellings at 
their base Ihey exhibit constant jerking movements, by which they ajipioach ind retue irom ewh 
other, Olid these motions go on to a cert im ext< iit during d ukness 


* Botanical Magazine, Fig 4695, Itbruaiy lt>59 
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Btnall pinnae placed laterally. The large leaflet exhibits oscillatory 
lateral movements, as well as the ordinary sleep movements, in an 
upward and downward direction. During the day it rises and appears 
to liave slow motion from one side to the other, so that it often is seen 
in an oblique position as regards the stalk; during the night it is 
depressed and motionless. Tlio little pinna?, on the other hand, con- 
stantly exhibit a jerking motion, by which they first approach to each 
other, and then retire, the length of time required to complete their 
movements being about three minutes when the plant is vigorous and 
exposed to bright light. The leaflets exhibit motions even in dark- 
ness, although to a less extent. Other species of Hedysanim (p. 494), 
exhibit similar movements.* 

723. The cause of these phenomena is obscure. Some have sup- 
posed that they are to be ascribed to the presence of a peculiar nervous 
system in plants. But there is no evidence of the existence of such a 
system, and the motions do not require that we should have recourse 
to such a theoretical explanation. All may be accounted for by 
changes in the contents of the cells. In some cases cells disjday 
evident contractilily, so that when touched their fluids exude. This 
may be observed in the Wild Lettuce (Lactuca viro&a) when growing 
vigorously, and it is also sup})osed to occur in the cells at the base of 
the stings on the Nettle leaves (Fig. 97, p. 43). In the case of the 
sensitive Mimosas, there arc evident cellular swellings at the base of 
the small leaflets, as well at the base of the petioles, to which allusion 
has been made at page 133. These swellings, when touched directly, 
communicate motion to the leaves. T'hey consist apparently of two 
kinds of cells, some of which display contractility, and others distensi- 
bility.-j- When in their ordinary state these functions are balanced ; 
but when mechanical or chemical stimuli arc applied, a change in the 
cell-contents takes idace, accompanied with a derangement of equili- 
brium. When the swellings at the base of the leaflets are touched 
gently on the superior surface, then the liquid contents of the upper 
contractile cells are sent into the distensible inferior ones, and the 
leaflets fold upwards. This change, however, is not effected by touch- 
ing cautiously the lower surface of the swellings. Again, in the 
swelling at the base of the petiole, the reverse is the case, for there the 
lower cells are contractile, and the upper distensible, and the move- 
ment caused is in a downward direction. Touching the upper side of 
the intumescence at the base of the petioles docs not give rise to the 
movement. If a portion of the lower side of the swelling is removed, 
then the balance between its resistance and the expansive tendency of 
the cells on the upper side is destroyed, and the petioles remain de- 
pressed, according to Dutrochet. Any irritation applied to one part 
of the leaf is propagated by means of the vascular system to another 

* Nuttall, Genera of North American Plants, ii. 110. 

+ Dutrochet, sur la structure intime des Animaux et V^^^laux, 1824 
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part, and more especially it is communicated to the distensible portion 
of the cellular swellings just mentioned. 

724. In the day time, and under the influence of light, according 
to Fee, the fluids drawn to the surface of the plant are kept in equili- 
brium by rhythmical evaporation. There is a constant renewal of 
fluids to supply those which have been transpired. A blow or wound, 
or the application of cold, interrupts the equilibrium, the circulation 
is deranged, and liquids pass quickly from the cells into the vessels, 
and thus cause distension. During the night the sap is feebly drawn 
to the surface, and thus a change takes place in the relative contents 
of the different cells and vessels. The phenomena are thus referred 
to changes in the fluid contents of the cells and vessels caused by cer- 
tain vital actions. Mohl refers the movements partly to the disten- 
sion of the cells, and partly to different states of tension in the tissues, 
and he considers the movement of irritability as not identical with the 
sleep movement. He says that the articulations are composed of nu- 
merous parenchymatous cells containing chlorophyll, each also exhi- 
biting in its interior a larger or smaller globular mass of a substance 
strongly refracting light. The parenchymatous tissue, he says, exhi- 
bits a considerable distension. If a flat ])ortion is cut longitudinally 
out of the middle of the joint, Jind afterwards this portion is cut length- 
ways into thin strips, the cellular tissue forming the sides of the strips 
immediately expand about one-fifth longitudinally, while the vascular 
bundle in the middle continues as before. Hence, he says, the vas- 
cular bundle appears to be too short in proportion to the turgcscent 
mass of cellular tissue of the articulation, while the latter is com- 
pressed in the direction of the longitudinal axis in the uninjured part. 
In the ordinary state of ihe plant, the expansion of the cellular tissue of 
the upper side of the articulation maintains the equilibrium with the 
cellular tissue forming the under side, and thus curvation is pre- 
vented. But if the cellular tissue is cut away down to the central 
vascular bundle on the upper side of the articulation of a leaf still at- 
tached to the plant, the cellular tissue of the lower side having now 
lost its antagonist can pursue its expansion, and the leaf becomes at 
once pressed upwards at a sharp angle — the reverse occurring when 
the cellular tissue of the under side is removed. f 

725. In the case of Hedysarum gyrans and other species, the move- 
ments are probably referrible to changes in the contents of the cells 
and vessels, not directly induced by mechanical irritation, and only 
partially influenced by the stimulus of light and heat. In Venus^s 
Fly trap (Dionsea muscipula) the irritation of the hairs is apparently 
communicated by means of vessels to the cells between the two halves 


• F6e, M^moire Phyeiol. et organo^ sur la Senaitne et les planles dites sommeillanteB — CompteB 
BenduB, 1846, xxiu. 602. 

t Mohl, on the Anatomy and Physiology of the Vegetable Cell, tnuiBlated by Henfrey, p 152 
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of the leaf-blades, in such a way that distension takes place in the 
lower cells, and thus the leaves close. The object of these various 
movements is not known.* 


Vri. DEFOLIATION, OR THE FALL OF THE LEAF. 

726. Leaves continue to perform th(‘ir active functions for a cer- 
tain length of time, and are then repLaced by others. In temperate 
climates these functions go on vigorously during spring and summer, 
but towards the end of autumn they become languid. In the ordinary 
trees of this country the leaves tail off during winter, a latent bud 
having originated in (heir axil whence new leaves arise in spring. In 
warm climates the dry season often causes a similar exuviation of the 
leaves. This is observed in the Brazilian forests called Claatingas. 
The times of the appearance and of the fall of the leaves vaiy in dif- 
ferent countries, and from them may be deduced conclusions as to the 
nature of the seasons. 

727. 'I’ho periods of leafing (foliation or frondescence), and of the 
fall of the leaf (defoliation), are taken into account in <letenuining the 
climate of difierent countries, and of different parts of the same country. 
In Britain, while some plants, such as the lIon(‘ysuckle and (looseberry, 
put forth their leaves in Febniary and March, others, such as the Oak 
and Ash, do not show leaves till May. The following are the state- 
ments by Berghaus as to the periods of foliation : — 

Beech unfolds its leaves at Naples in end of March. 

„ in England on 1 st May. 

„ at irpsal beginning of May. 

Foliation of Elder at Naples 1-1 8th January. 

„ at i’aris about 14th Febniary. 

„ in England about 8th March. 

„ at Upsal 1-bth March. 

Lilac unfolds its leaves near Naples first half of May. 

„ near Paris about 12th March. 

„ at Upsal beginning of March. 

Foliation of Oak takes place at Naples beginning of April, 
j, at Paris in May. 

„ in England 2Cth April. 

„ at Upsal during first days of May. 

Defoliation also occurs at definite periods of the year.f 


* For further remarks on this Bu])jert, see Carpenter’s rrinciples of Physiology, gc'ticral and 
comparative, p. 991 De Candolle, Ph}8iologu* Wgetnlr, ii. 85H. Dutrochet, du reveil et du soni* 
mcil des plantes— Annales des Sc. Nat. 2d scr. Hot. vi. 177. Miqncl ct Mcycn sur rimtahilitd du 
Mimosa Sensitiva— Annales des Sc. Nat. 3d set Bol. xui. 318. Virey, qiiclques considerations nou- 
vpllca sur I’aciditi* dans Ics plantes irritables— Jourii. di* Pliormacie, 1^9, p. 289. 

t Berghaus, on the Epochs of Vegetation, in Edin. New Phil Journal for 1841, xxx. 182, 
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728. The following table by Quetelet and Hartmann shows the 
periods of foliation and defoliation in different parts of Europe in the 
year 1841 : — * 


APPEARANCE OF LEAVES. 

FALL 01 THE LEAVES 

Gefic. 

Brussels. 

Lyons. 

Ghent 

Brussels 

Client. 

May 1/5 


Mar. 29 

- 

Oct. 25-30 

Oct. 21 


April 23 


March 27 

Oct. 25-30 



April 23 



Nov. 10-15 


May 21 

March 26 


March 24 

Oct. 20-25 

Sept. 12 

April 27 


April 25 


Oct. 3 


March 27 



Oct. 27 


March 24 


March 17 

Nov. 1-5 

Oct. 29 

]\Iay 12 

March 12 

Mar. 17 

March 14 




March 18 

Mar. 20 

March 17 



... 

March 18 Mar. 15 

March 14 

Nov. 5-10 

Oct. 24 


Maich 12 

Mar. 15 

March 14 

Nov. 5-10 

Oct. 24 

May 25 






M.iy 

Martli 16 Mar. 24 


... 


May 22 1 

March 20 

.. 

March 26 

Nov. 1-5 

Oct. 31 


March 17 

Mar. 24 

March 17 

Nov. 15-20 


... 1 

April 1 


1 

Oct. 20-25 

Sept. 24 

May id' 



1 March 18 



May lOAIardi 24 Mar. 25 



Oct.’27 

May 14 
May 20 

April 28 
March 27 



Nov. 10-15 
Nov. 1-5 

1 


NAMES OF PLANTS 


^sculus Ilippocasta-) 
num, Horse Chestnut f 
Acer I* 8 eud 0 “platanu 8 ,\ 
Sycamore . . . j 

Vitis vinifera, Vine . 
Tilia curopaea, Liinc-trc( 
Juglans regia, Walnut 
Prunus Cerasus, Cherry 
Pyrus Malus, Apple . 
Pyrus Aucuparia, 
Mountain Ash 
Ribes Grossularia, 
Gooseberry . . 
Ribes rubrum, Red 
Currant ... 
Sambucus nigra, Elder 
Syringa vulgaris, Lilac 
Fraxinus excelsior, Ash 
Daphne Mo/ereum,\ 
Mezereon . . . ./ 
Ulmus cainpostris, Elm 
Salix babylonica,) 
Weeping Willow j 
Populus fastigiata,>~ 
Italian Poplar . ) 
Populus tremula. Aspen 
Corylujs A veil ana, Ilazelj 
Quercus Robur, Oak . 
lictula alba, Birch 
Alnus glutinosa, Alder 


By keeping a register of the periods of foliation and defoliation, an 
accurate estimate may be formed of the state of the climate in different 
years. Tliis subject has engaged the attention of the British Asso- 
ciation, and tables have been pi’epared for the purpose of obtaining the 
results of such periodical plienomena.*!- 

729. The fall (yf the leaf has not received tlie attention it deserves 
from physiologists. The reason frequently given for tliis 2 >henomenon 
is the choking iq) of the cells and vessels of tlie leaf by deposit of 
earthy and saline matters, in consequence of the process of absorjition 
in autumn not keeping jiace with the exhalation of watery fluid. 
There is no doubt that mineral substances do accumulate in the leaves 

* Gnsebach, Report on the progress of Geographical Botany, in Roy Society’s Reports for 1849, 
p 391 

1 British Association Kepoit foi 1850, p 33S 
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in autumn, but there seems to be no proof that this is the sole cause 
of their fall. When autumn approaches, it is found that a gradual 
separation takes place between the leaf-stalk and the stem or the axis 
to which it is attached. This is not a mere accidental occurrence, 
but is a process for which regular provision is made, as has been ex- 
plained by Dr. Inman.* He found that even when the shoots of a 
tree are young and vigorous in early spring, there is a faint line 
visible externally in many instances whicli marks tbe place where the 
separation is to take place (Fig. 1147, p. 452,/, c). The line of 
demarcation only extends for a short way inwards at this time, and 
the leaves, when pulled off, take some of the bark along with them, 
in consequence of the joint not being complete. As the season ad- 
vances the line of division extends more deeply; cells containing 
crystals are developed in considerable quantity, and iodine shows by 
the blue colour the presence of starch, which could not be detected in 
the young slate of the joint. A cellular process of bark dips inwards, 
“ reaches the fibro- vascular bundles, where it receives a slight check, 
but soon continues its progress until these are nearly absorbed, and 
tlie prolongation of the epidemis has entirely covered the surface of 
the j<nnt or articulation.^’ The fall of the leaf does not, therefore, 
arise simply from the cold of winter and other vicissitudes, but is a 
regular process of disjunction which goes on from the time the leaf- 
stalk is fully formed until the leaf has ceased to perform its functions. 

730. In cold climates various causes operate in causing defolia- 
tion. As the light and heat diminish there is a cessation of the 
functions of cells and vessels, evaporation takes place from the sur- 
face, inorganic matters accumulate in the tissues, the leaf becomes 
dry, its attachment to the stem is loosened, and then it either falls by 
its own weight, or is detached by external agencies of different 
kinds. Dr. Fleming-J’ states, that winter is not the immediate cause of 
defoliation. Many leaves fall before the approach of winter, others 
perish in spring. He divides trees in reference to the duration of 
their leaves into three classes: — 1. Those in which the leaves cease 
to perform their fimetions when the bud is complete. 2. Those in 
which the leaves continue to perform their functions until new ones 
appear the following season. 3. Those in which the leaves continue 
to perform their functions for several years. 

731. The leaves of the first class are deciduous^ and they seem to 
be connected with the ripening of the bud. When this takes place, 
these leaves change their colour and perish. In Willows, even in 
midsummer, many of the branches become naked from the fall of such 
leaves. In trees having two evolutions of buds in the season, as the 
Beech, the leaves produced in spring fall sooner than those which are 
developed on the summer shoots. When leaves fall off earl^ the bark 

* Inman, on tlie causeB which determine the fall of IcavcB—Proceed of the Lit and Phil. Soc. of 
Liverpool for 1848, No. iv. p. 89. 

t Fleming on the Temperature of the Seasons, p 86. 
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in its young and green state may be considered as occupying their 
place, and performing their functions. In many leafless plants, as 
Cactuses, the green branches perform the functions of loaves. This is 
also the case with the green frond or stalks of Liverworts and other 
Cryptogamic plants. Leaves of the second class Dr. Fleming calls 
annual. These continue till new leaves are produced, and are cast ofl‘ 
in the order of their development. In Evergreen trees and shrubs the 
leaves of one season continue their functions until those of the next 
season are j^rodiiccd. Thus, although the plants have always leaves 
on their branches, there are a certain number which fall off annually, 
but the shoots are not left bare. The h*aves of the plants of this class 
appear, therefore, to exercise a greater influence, in the economy of 
vegetation, than those connected with the first. Here the plant re- 
quires the {lid of leaves at {ill times — no other org{ins, in ordinary 
cases, appearing to be cap{ible of exercising their functions, or acting 
{IS a substitute. The ]e{ives of the third cL'ins Dr. Fleming ciills per- 
sistent, Their duration do(‘s not S(‘em to be rcgubitt'd by the perfec* 
tion of the bud, nor by the development of new lc{ives. Idiev con- 
tinue their fnmdions for sevenil years. I'his is the e.'ise with orJiiuiry 
Evcu’green Firs. In these plants the le{ives of v{irious yeiirs seem 
to be required for the com])let(‘ fomnition of the stem and its secre- 
tions. On the same tree, m{iy be seen leaves tuo, three, or more 
yejirs old. 

782. In trees with ])ersistent lejives defoliation is very irreguhir. 
Occasi(»n{dly the le{ives ])erish in the ord(‘r of their })roduction, but at 
other times those of a fi*w yeiirs old may be changing colour or billing 
oft’, while those many y(‘ars old imiy be vigorous. ^Phe leaves of 
Anincaria imbricata in Driiain do not exlnbit symptoms of decay ; the 
tree does not seem to defoliate, {ind hence the leaves are truly persistent. 
The disjunction between th(‘ leaf {ind th(‘ stem of a plant is effected 
at the time when the le{ives are no longer re(pnr(‘d for its growth, and 
the j)art where the leaf was {ittached is irmrkcHl by a sc{ir in which the 
bundles of vessels are rcgnhirly arranged as in the leaf or leafshalk. 
The scar v{iries in its form and {ip])earance in diflerent phints, Jiud 
hence it may be used {is a means of distinction. In fossil Isdiiny the 
scars of the leiives are of iin|M)rt;mce in determining Stigmarias, Lepi- 
dodendrons, Sigilhirias, and IVnis. 

738. The sap absorbed by the roots, and which cont{iins various 
inorganic niatters in solution, re{iches the leaves, and is thus exposed 
to air and light. There is a large transpinition of watery fluid, and 
the inorganic matters not required for the organism and secretions of 
the plant are stored up in the leaves, forming at times incrustations on 
the walls of the cells. The quantity of ash left after burning leaves 
varies at different periods of the plant^s growth. Vernal leaves contain 
a small amount of iish, while autunnuil ones huive a large (piantity 
when burned. The latter cont{iin from 10 to 80 times more {ishes than 
the wood of the same plant. Thus the — 
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Leaves thus contain a large amount of ash, which consists of various 
salts of lime and potash, &c. Hence, when they fall, they return 
important substances to the soil. The use of leaf-mould as a manure, 
depends in part on this circumstance. Fallen leaves in place of being 
swept away as useless ought to be carehilly incorporated with the soil, 
and thus the mineral matters which were not required for this yearns 
growth, when* dissolved and diffused in the soil, serve for the nourish- 
ment of the plant next season.* 

734. Kecapitulation of the principal facts connected with the phy- 
siology of leaves : — 

1. Fluid matters absorbed by the roots are carried up through the stem to the leaves, 

in which they are exposed to the influence of air and light. 

2. The spiral arrangement of leaves on the stem is calculated to promote full exposure 

to these influences. 

3. Leaves absorb liquids and gases of different kinds, more especially water, carbonic 

acid, and ammonia. 

4. This absorption is modified by the nature of the cuticle as regards its texture, its 

hairiness, and the number of its stomata. 

6. When the cuticle is of a corky or waxy nature it resists absorption. 

6. Absorption in ordinary leaves takes place most rapidly by the under surface, where 

the stomata are most abundant. 

7. In the leaves of aquatic plants, especially those which are submerged, absorption 

takes place through every part of the leaf. 

8. Leaves exhale watery fluids by a process of transpiration. 

9. This function seems to be especially influenced by light, and differs from ordinary 

evaporation. 

10. Transpiration is modified by the structure of the leaves, by the nature of the epider- 

mis as regards density and hairiness, and by the number of stomata. 

11. Transpiration in ordinary aerial leaves is usually greatest on the under surface. 

12. The quantity of watery fluid exhaled varies in difterent instances. 

18. In some plants there is, during a certain period of their growth, a constant dropping 
of water from the sides and extremities of the leaves. 

14. The fluids exhaled and secreted by leaves are sometimes deposited in pitcher-like 

15. Transpiration is connected with important processes going on in the cells and vessels 

of plants ; it also has a marked effect on the nature of the climate of a country, as 
seen in the case of wooded countries. 


* For additional remarks on defoliation, consult Giordano, Ceuno sulla decolorazione e caduta 
deUe foglie in autumno, Torino, 1835, Yancher, Mdmoire sur la chnte des feuiiles, Genive, 1828. 
Vrolik, de Defoliatioue VegetablUum, Lugd. Bat. 1796. 
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16. Leaves exhale gaseous matters in laige quantity. 

17. The carbonic acid absorbed by leaves, as well as that taken up by the roots and car- 

ried to the leaves, is decomposed under the influence of light, and while its carbon 
is retained for the nourishment of the plant, its oxygen is given off. 

IS. By this deoxidating or decarbonizing process, leaves keep up the purity of the 
atmosphere, and counteract the effects of animal respiration and combustion, which 
are essentially processes of oxidation. 

19. During darkness this function of deoxidation ceases more or less completely. 

20. Some authors state that during darkness an absorption of oxygen takes place, and 

an evolution of carbonic acid by an cxosmotic process. 

21. Other authors maintain that an evolution of carbonic acid always takes place both 

by day and by night, and that this is true vegetable respiration, and that during 
the day the carbonic acid is decomposed more or less completely, and oxygen 
given off by a process of digestion. 

22. The leaves of aquatic plants have a great power of decomposing carbonic acid, and 

of exhaling oxygen. 

23. The effect of light in decomposing carbonic acid depends on its illuminating power, 

and the phenomenon is found to proceed most vigorously in the yellow rays. 

24. The evolution of nitrogen by the leaves of some plants is still a matter of doubt. 

25. Plants in a decaying or diseased state, etiolated plants, as well as certain brown and 

pale-coloured plants, are said to exhale carbonic acid. 

26. Leaves elaborate various important secretions, under the agency of air and light. 

27. The formation of good timber depends on the full exposure of the leaves, and hence 

in crowded plantations woody matter is not properly developed ; the early and 
judicious thinning of forests is of great importance in the production of timber. 

28. The leaves of plants grown in darkness do not form woody matter ; such plants be- 

come blanched, cells and Uiin-wailed vessels alone are produced, and hence they 
are delicate and tender. 

29. Certain gases act prejudicially as regards leaves, either by depriving them of atmos- 

pheric air, or by poisoning them. 

30. Plants do not thrive in an atmosphere of pure hydrogen or nitrogen. 

31. Although the leaves of plants can decompose carbonic acid, yet plants are killed by 

being grown in this gas without a proper admixture of atmospheric air. 

32. Certain gases, as hydrochloric and sulphurous acid gas, destroy leaves by their irri- 

tant local action, but unless their action is long continued, the plants may still 
live, and push forth new leaves. These gases act injuriously in very minute 
quantity. 

33. Other gases, such as sulphuretted hydrogen gas, destroy leaves by a general nar- 

cotic action, which affects the whole plant, and causes its death. These gases also 
act injuriously in very minute quantity. 

34. The atmosphere of towns contains fuliginous matter and many gases which are in- 

jurious to plants ; and this is more especially the case in towns where chemical 
manufactories exist. 

36. Closed glass cases, called Wardian Cases, are w'ell fitted for the growth of plants in 

such localities, by preventing the effect of noxious vapours. They are also suited 
for rooms in which the atmosphere is dry, and they are especially useful for trans- 
porting living plants to a distance. 

3C. The green colour of leaves depends on their exposure to light, especially to the yel- 
low rays, which are the most illuminating rays of the spectrum. 

37. Leaves grown in darkness become etiolated or blanched, and exliibit a pale yellow- 

ish colour. 

38. Leaves assume yellow and ^ed tints in autumn, owing to the oxidation of their 

juices. Trees may be so planted as to give beautiful contrasts in their autumnal 
tints. 

39. Variegation in leaves is produced by an alteration in the chlorophylle of particular 

cells, or by the presence of air in some of the cells. 
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40. During darkness the leaves of many plants are folded and depressed. This was 

called by Linnesus the sleep of plants. 

41. Certain leaves display peculiar irritability and contractility, and they are hence 

called sensitive. 

42. These phenomena are traceable to a change in the contents of the cells and vessels, 

which give rise to distension and contraction. They are connected with peculiar 
cellular swellings at the base of the leaf-stalks and leaves. 

43. The movements of these irritable leaves are of a hinge nature, and they are caused 

by various mechanical and chemical stimuli. 

44. An irritation applied to one part of sensitive leaves is propagated frequently to other 

parts in succession. 

45. The defoliation or fall of the leaf is caused by diminution in light and heat, cessation 

of the function of cells and vessels, accumulation of inorganic matter in the 
tissues, and the gradual formation of a division at the base of the stalk. 

46. Some leaves fall after the bud is complete, others continue to live till new leaves 

appear, while a third set remain for several j'^ears before they fall 

47. The periods of foliation (frondoscence) and of defoliation give indications as to the 

nature of the seasons. 

48. Leaves contain a large quantity of inorganic matter, and when they fall they restore 

it to the soil. 



GHAPTfili YJI 

GKNEfiAL CIRCULATION OR MOVEMENT OF THE SAP. 


735. Plants are not provided with a circulating^ system like tliat 
of animals, and they do not exliihit movements of fluids to and from a 
common centre. Altliou^h, says Hales, they have not an or^an like 
the heart, by the alternate dilatation and contraction of which fluids 
are forced throniifh a series of anastomosing tubes, yet has nature won- 
derfully contrived otlier means most powerfully to raise and keep in 
motion the sap. Liijuids are diffused throughout the whole }>lant by 
tlie action of cells and vessels having a diflerent chemical constitution 
and diffei’cnt functions. One cell takes the juice from anotlu'r, and 
acts by difl’usioii on the others. I’he cells of the rootlets imbibe by 
endosmose fluid matteis which are carried into the stem, and the cells 
of the l(*aves, by their exhaling functions, aid in promoting a general 
movement of sap througliout the whole system. 

730. It is not easy to make experiments on the motion and course 
of the sap, both on account of the minuteness of the vegetable tissues, 
and the unavoidable injury which must be inflicted on them in any 
attempt to observe these living actions under the microscope. We 
cimnoL, as in animals, put ligatures on vessels, nor by an injecting 
apparatus send coloured matters into them. Endeavours, however, 
have been made to trace the course of the sap by causing the roots 
to absorb solutions of substances which can be easily detected by che- 
mical reagents at different parts of their progress. Thus a weak solu- 
tion of acetate of lead has been employed, whicdi can be detected by 
iodine, sulphuretted hydrogen, and other tests; also a solution of 
ferrocyanuret of pi^tassium, which can be tested by chloride of n-oii, or 
by sulphate of the peroxide of iron. The last has been used recently 
by Hoffmann* in his experiments, and he finds tho blue colour pro- 
duced by the action of salts of iron on the ferrocyanuret a good means 
of tracing the course of the sap. As the Prussian blue thus formed is 
insoluble in water, a little care in dissecting enables us to avoid the 
spreading of the colour to unaffected parts. 

737. It may be remarked in general, in regard to these experi- 

* IIofTmann, on llic Circulation of Sap in Plants, in Botan Zcltlln^.^ \i and viu. translated in 
Scitntific Memoirs, Nut. History, part i. Nov 1852. 
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ments, that very different results followed, according as the absorption 
took place by the uninjured roots, or by the cut surfaces of plants. 
In the latter instance, the fluids were found in vessels which they did 
not enter in the former case. In cellular plants the sap seems to move 
through all parts, and is not confined to any definite set of cells. In 
vascular plants, it appears in general that the sap enters the cells and 
woody vessels (and perhaps the intercellular spaces) ; and that the 
spiral vessels and those allied to them, such as annular and scalariform 
vessels, very generally contain air when the sap enters slowly. But 
when there is a rapid movement of sap either from the root upwards 
or from the leaves downwards, especially in Dicotyledons, then the 
spiral vessels take up fluids as well as air. It seems probable that 
the spiral vessels and their allies are receptacles for gaseous matter 
formed in the course of the movement of the sap. 

738. In truly cellular plants, as Fungi, the coui'se of the circula- 
tion has no accurately fixed boundaries, and presents no anatomical 
peculiarities. The fluid is found to proceed both forwards and laterally 
in the cells and intercellular spaces, proceeding most rapidly in those 
parts where the tissue is most lax. In plants such as Lichens, where 
the tissue is dense, and in which there is not much fluid, the sap passes 
with great slowness between and through the cells. In the case of 
mosses possessing leaves, the fluid was found to pass through the stem and 
fruit-stalk, and in the leaves it moved most rapidly in a peculiar layer 
of cells along the margin of the leaves, and not in the midrib. Pro- 
bably the condensed cells and vessels of the midrib are concerned in 
the conduction of fluids from the leaves in a downward direction. 

739. In Ferns, it was observed that the scalariform vessels and 
closed spirals contained air, and that they did not take up any of the 
solution of the ferrocyanide. If the petiole of the frond is cut across 
and inserted in the solution, then the latter passes into the scalari- 
form vessels, driving out the air. The leaf of the Fern, when dipped 
in the liquid, absorbs it, but it does not pass into the scalariform 
vessels. In Ferns there did not appear to Hoffmann to be any path for 
descending juices, and this is probably connected with their mode of 
growth, which is by additions to their summit (acrogens). The streaked 
vessels in Ferns seem to be destined exclusively for gaseous matters, 
while the fluids absorbed from the earth first ascend within the loose 
cellular tissue in the vicinity of those vessels, and are from them diffused 
throughout the remainder of the tissues after suitable elaboration. 

740. In Monocotyledons the solution of the ferrocyanide ascended 
chiefly through the elongated cells surrounding the spiral vessels, and 
the latter contained, in ordinary circumstances, air in their interior. 
That the spiral vessels of Monocotyledons contain air was proved by 
Hoffniann, not merely by finding that they never exhibited the blue 
colour in their interior, but also by the following experiment : — If a 
stem of Dioscorea bulbifera, held the wrong end upwards, is cut across, 
and the wound immediately dipped in a drop of thick solution of gum. 
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there is no difficulty in seeing bubbles of air emerge slowly from the 
spiral vessels and inflate the dense fluid, when the stem is squeezed from 
the root upwards towards the wound. In certain instances, however, 
when there is a large mass of fluid passing rapidly through the stem, the 
air in the spirals may to a certain extent be displaced. This, however, 
may be looked upon as an accidental occurrence, and not as the nor- 
mal state of the vessels.* 

741. In the case of dead scales of Monocotyledonous bulbs, the 
fluid was imbibed by all parts of the tissue, by the spirals as well as 
other vessels, and by the cells. This points out the difierence between 
living and dead tissue. In fleshy Monocotyledons, such as Aloe picta, 
the movement of sap seems to be very slow. When watered with a 
solution of the ferrocyanide, no absorption was observed after five 
weeks. The absence of absorption after a stated period Hofimann 
says is the less rcmai-kable, since these plants can remain for seven 
months of every year in a dry part of a conservatory without even 
being watered, therefore without requiring any other liquid than that 
which they receive through evaporation when other plants are watered. 

742. In regard to the course of the sap in Dicotyledons, numerous 
experiments have been made. Walker, Burnett, and others made 
incisions into the bark and wood of trees in spring and summer, and 
marked the points where the sap made its appearance. In this way 
they endeavoured to trace the course of the fluids in the stem. 
Walker concludes, from his experiments, that the spring sap begins to 
flow at the root, that it ascends slowly upwards, and bleeds succes- 
sively as it ascends to the very extremity of the tree ; that there is 
no descent of sap until after the development of the leaves.-J- Burnett 
cut notches in the trunks of various trees in spring, at different heights 
in each tree, from one to six feet from the ground ; and in every 
instance the sap was seen distinctly exuding from the lowest side of 
the lowest section first, and progressively rising to the others day by 
day. The chief current was axial in the first instance, and afterwards 
the sap entered the branches. To the progress of the sap in the 
direction of the axis he attributes the early development and vigour of 
terminal buds.J Mohl states that when a ring of bark is taken off, 
the flow of the sap to the parts above it is not interrupted ; but if a 
portion of the wood is carefully removed without injury to the bark 
covering it, then the portion of the plant above the wound dries up 
at once.§ 

743. Hoffinann bored holes in the stems of trees, such as the 
Sycamore, and inserted quills with the inner ends cut off obliquely. 


* The tuber of Ajiomatheca cruenta, one of tbe Indaceac, is recommended by Hoffmann for experi- 
ment, as in it the spiral vessels, paii;nchyma, elongated vessels, and bark cells are distinct, and widely 
separated from each other. 

+ Walker’s Experiments on the Motion of Sap in Trees, in Trans. Boyal Soc. Edin. i. 8. 
t Burnett, on the Development of the several Organic Systems of Vegetables, in Journal of the 
Koyal Institution, vol. i. 

\ Mohl, on the Vegetable Cell, translated by Henfrey, p. 71. 
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and the orifices looking upwards — the quills being cemented in their 
place. In this way he made experiments with the spring sap, by 
inserting the roots of plants in a solution of the ferrocyanuret of po- 
tassium, and testing the fluid at different heights as it was discharged 
in drops from the quills, lie found that the exudation of the sap in 
spring occurred obviously earlier in the lower than in the upper part 
of the stem, and that the ascent of tlie fluid was confined to that side 
of the stem which corresponded to the absorbing root. 

744. In spring, it appears that the sap, as it increases in quantity, 
besides filling the cells and vessels of the wood, also enters the spiral 
vessels. This is the time when the plant bleeds freely on being 
'v\ounded. As the leaves expand, trans])iration of fluids takes place, 
and tlum the s])ii*al vessels contain air. In some climbing plants, this 
state of fulness in the spirals, as well as in the wood, continues per- 
manently.*' After the lea\'(‘s expand, in ordinary trees the conduction 
of sap takes jdace through the newer woody vessels and cells, and not 
through the tibro-vascular tissue. The circulation of the sap during 
summer, when the leav(‘s are most active, diflei’s from that in spring, 
in the circunistaiice that the trees do not bleed when w^ounded. In 
Riimuier, as in S])ring, there exists a ra])id ascent of crude sap ; but in 
addition to this, there is a descent of the elaborated fluids from the 
leaves to all ])arts of the plant. Holfmann states that there is also a 
descent of unelaborated fluids after every showier of rain. 

745. Some authors believe that the chief channels by which the 
sap ascends are the intercellular canals,-!- which are more or less con- 
tinuous from one end of the plant to the otlun*, and that from them it 
passes to the other parts, each cell and V(‘ssel taking from the general 
circidation what is required for its growdh and nutrition. In this 
vi(‘w the cells and vessels would be regarded as secreting organs, 
acting in various wavs oii the general mass of crude sa[), and separa- 
ting* from it by a cljcmico-vital action different liquid and gaseous 
matters, j: The recent exptu'iments of Hoffmann do not support this 
theory of sap mov(*ment, and the general opinion of physiologists 
apjiejirs to be that in its iq)W'ard progress the sap passes through the 
new^er pleurenchyma, as well as through the intercellular spaces, until 
it reaches the leaves, wdiere it is elaborated. The diflerent layers of 
wood convey sap in different quantity, the youngest being those chiefl}'* 
concerned in the [)roc(*ss. The conveyance of saj) is not carried on by 
the old layers of wood when they become hardened by dej)osits. Hence 
trees, with a large amount of hard wood, and a moderate quantity of 
sap wood, dry readily, while trees, like the lUrch, wdth a large quan- 
tity of alburnum, have sap movements even in the cciilral layers of 
w'ood. 

* Giiudichaud, sur TAscrnsion dc 1h S^\e dans niir Lume (Cibsus ITjdiopliora), lii Ann.drs Sc. 
N.it. 2d ser. liot. m 138. Tins plant was found by Guudubaud to contain a l.irge quantily ol sap, 
\\liich p'micd out freely when the Bteni was cut. 

+ llan«(•^, expninicntal inquiry into the cause of Uie .ibitiif and deseeiit of the sap, London, 1847. 

I This Mew w.ib adAocated by the laic Mi. Jamtb Tttlcy, a zealous botanical student. 
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746. While such is the way in which the sap of Dicotyledons 
ascends, it is not easy to trace the mode of its after-ditFusion. The usual 
opinion is, that after undergoing changes in the leaves and other 
green organs, it descends in the direction of the bark, and is thence 
conveyed to all the active cells and vessels of the stem. Experiments 
similar to those already detailed were made by Walker and Burnett as 
to tlie descent of the sap. When incisions were made in the bark, 
after the sap had reached the leaves, it was found that the upper por- 
tion of the cut was first moistened apparently by liquid from tlio ujiper 
part of the stem. If a complete ring of bark is cut off, then the 
growth of the portion below the wound ceas(*s, the thickness of the 
slcun is not increased, and, in the case of the potato, according to 
Mohl, no tubers are formed. At the bamo time the part of the stem 
above the wound increases much, and, in the case of trees, a thick 
layer of wood is formed. IVIohl says that the deposition of starch in 
the cells of the medullary rays in autumn, seems to show that the 
elaborated sap not employed in nutrition on its way to the root has 
passed to the wood through these rays. 

747. It would thus appear that there is a descent of elaboriated sap 
from the leaves tov\ards the bark, and that from tliis it is diffused 
through the rest of the tissue. Kainey thinks that the descent is 
through the vessels and not the cells nor intercellular spaces ; and Hoff- 
mann maintains that there is still doubts as to the conduction of the 
sap by the hark. Schultz considers the laticiferous vessels as tliose 
through which the elaborated sap descends. The motion of the fluids 
in them has already been noticed (]>. 422). These vessels are reckoned 
by (harpenier and Draper as representing in some degree the capillary 
syslein of animals.*^' 

748. Thus, as rejiresentcd generally in Figure 11G3, the sap in a 
Dicotyledonous tree describes a sort of circle not in determinate 
vessels, but by a definite path, through differemt jiarts of the idant ; 
jiassing upwards fixun the jools, a a, through tlie newer woody tissue, 
b b, reaching the leaves, c c, and after elaboration descending towards 
the exterior of tlie trunk, d d, whence it is diffused in various direc- 
tions, both internally and externally. An absorption of water, con- 
taining vai'ious matters in solution, is constantly going on through the 
extremities of the rootlets. Hiis crude sap is carried forward through 
the cells, vessels, and intercellular passages, by a force vhicli acts by 
propulsion. The stimulus of light, acting on the cellular tissue of tlie 
leaves, or on green steins when no leaves are present, enaldes these 
parts to elaborate the organic compounds which are necessary for 
vegetable nutrition. The leaf-action may be reckoii(‘d one of attrac- 
tion or suction. The diffusion of the elaborated matters constitutes 
the descent of the sap. 

749. Gaseous matters are earned nj> along with the sap. The gases 
appear to bo chiefly common air, carbonic acid, and oxygen. In the 

* Carpenter, Gi,ncnil Physiology, p. 675. Draper, Chemisti > of PJjnts, 29. 
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sap of the Vine, Hales mentions the presence of air, and Geiger and 
Pronst detected in it carbonic acid. Occasionally the air is separated, 
and accumulates in the spiral vessels, or in certain cavities. Air 

cavities exist in the pith and leaves of 
many plants (pp. 76 and 106), more 
particularly in the floating leaves of 
aquatics (Fig. 85, p. 37, and Fig. 
314, p. 134). Liebig thinks that 
the rise of the sap may be referred 
to a disengagement of gas which 
takes place in the capillary vessels.* 
750. Various causes conspire in 
ori^nating and keeping up the move- 
ment of the sap. During winter, 
when vegetation is arrested, the cells 
of perennial plants are filled with 
albuminous and starchy matters. 
The conversion of starch into sugar 
in spring will at once determine an 
endosmotic action in the cells. We 
have already seen (p. 413) that 
separated by a membrane, mix to- 
gether. The one increases in bulk and rises; the other diminishes 
in the same degree, and consequently sinks below its original level. 
This phenomenon of mixture through a membrane, accompanied 
with change of volume, occurs in the cells of plants. It has been 
referred to chemical and electrical action, and, according to Draper, 
depends on the capillarity of the walls of cells. The cells of 
the root, with their delicate walls, allow the fluids from the roots to 
pass readily by imbibition. A physico-chemical endosmotic action 
takes place by which the fluid is propelled upwards. As the sap is 
constantly parting with its fluid-contents, more especially when it 
reaches the leaves, the fluid in the upper cells is thickened, and con- 
sequently the thinner fluid below passes in by endosmose. In addition 
to this, there are vital actions going on in the cells and vessels, which 
give rise to a constant interchange of ingredients. 

751. Schacht says the property which certain cells have of absorb- 
ing and elaborating one substance more abundantly than another, pro- 
duces an ascending and a descending current. It is possible that 
each cell may direct the substances it holds in solution upwards, 
laterally, or downwards, according to the demands of the neighbouring 
cells. The current of sap will consequently be directed according to 


Fig 1163. 

two dissimilar liquids, when 


Fig. 1168. Ideal section of the stem of a Dicotyledon, showing the general course of the sap, as 
indicated by the arrows, 'llie roots, a a, absorb liquids, which pass through the newer pleurenchyma 
and intercellnlar spaces, i b, reach the leaves, c e, and after elaboration descend towards the outer 
part of the trunk, d d, whence they are diffused m vanous directions , e, marks the section of a branch. 


Liebig, on the motion of the juices, &c p. 09. 
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the wants and the degrees of vital activity of cells having different 
functions. The active processes of cell-formation going on at the 
extremity of the stem powerfully promote the ascent of nutritive juices. 
As the cambium of the vascular bundles extends from the extremity of 
the root to the apex of the stem, there is a constant transmission of fluids 
from cell to cell. As new cells are constantly formed at the extremity 
of the stem, by means of which azotized and other matters are con- 
sumed, there is a constant demand for a supply from below. 

752. The exhalations going on in the leaves naturally give rise to 
a constant flow of fluids to supply the place of those which have been 
carried off. The capillary action of the intercellular canals may also 
aid in the movement, in proportion as watery fluid is removed from 
their extremities. Hales, from his experiments, deduces the presence 
of a powerful attractive force in every part of the plant. There is 
first an absorbent power in the roots, and then there is a transpira- 
tion from the surface of the leaves which demands a constant supply 
of watery fluid. The absorption of liquid must be equal to that lost 
by exhalation. If not, the circulation will cease. Unless there is a 
balance between absorption and exhalation, plants will diminish in 
vigour, and become diseased. When a plant is in its normal state of 
activity it does not absorb more than it consumes ; the Vine and Birch 
only bleed in the spring when there are between the wood and bark 
more substances in solution than can be elaborated in the absence of 
leaves. This abnormal state is the result of chemical action inside 
the plant ; when warm weather arrives, the starch collected in the 
autumn in the bark and sap-wood is converted into sugar and dextrine ; 
absorption takes place through the cells of the roots ; the earth loaded 
with moisture yields water in abundance ; the transformation of starch 
continues, and with it diffiision. The sap, which cannot be imme- 
diately consumed, forces its way into the woody and vascular cells 
previously filled with air. But as soon as the extremity of the stem 
regains its activity, as soon as a sufiScient number of leaves are deve- 
loped, the sap disappears from these cells, and retains its former 
course; thenceforward the Vine and Birch cease bleeding.* Hales 
showed by experiment that the quantity of water absorbed by a shoot 
was in direct proportion to the number of its leaves, and that the 
quantity of water sunk to one-half when half the leaves were cut off. 
If a plant standing in the open air has one of its branches introduced 
into a hot-house during winter so that the leaves are expanded, ab- 
sorption immediately commences at the roots. Thus the action of the 
leaves has a powerful effect on the absorption and movement of fluids. 
The experiments of Boucherief in regard to the passage of fluids 
through the wood (p. 449), also show the power of the leaves in pro- 
moting the movement of fluids. Mohl made experiments on dicotyle- 
donous trees in regard to the absorption of pyrolignite of iron, the 

* Schacht, La Vie de la Plante, in Annales des Sc. Nat. 8d icr. Bot, xvii. 202. 
t Boucherie, Comptei Rcndui, 1840, u. 884. 
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difirisioii of which through the plant can be easily detected by the dark 
colour it imparts. He found that young trees sawn off and placed in 
the fluid absorbed it rapidly, until all parts were saturated with it. 

755. The various physical, chemical, and vital causes operating 
in the movement of the sap may be thus enumerated ; — Endosmose 
acting as a vis a lergo or proi)elling power, and commencing in the 
cells of the root; chemico - vital actions 
causing changes in the contents of the cells 
and vessels ; ca])illarity in the intercellular 
cfinals; and a vis a fronte or attracting 
power depending on the transpiration from 
the leaves. Heat and light materially 
])romole the movement of the sap. If a 
branch of a vine growing in the open air is 
introduced into a hot-house during winter, 
its leaves will be developed, and there will 
be a vigorous motion of fluids in it, 
allhough in (he other branches there is 
no circulation. Hales and Duhamel noticed 
the effect of the sun in piomoling the 
movement of the sap in the Vine and 
Ma[)le. Moisture and warmth ajipear to 
cause the most vigorous movement of the 
saj)."' 

754. The force vith which the sap 
ascends in the stem was measured by Hales by means of an appa- 
ratus such as is represented in Figure 1161. A bent tube, f d b, 
was firmly attached to a stem, a, the toj) of which had been cut off, 
and the force of the saj) was estimated by the rise of the mercury 
previously introduced into the tube, so as to fill the curvatioii between 
e and /. On 6th April he cut off a Vine, 2 feet 9 inches from the 
ground, and fixed on it the mercurial gauge, and he found the follow- 
ing results : — 



n.ite of ExperinifiJt 
April 7, 1 1 A.M. 
„ 11, 7 am. 

„ 14, 7 A.M. 

„ 14, 0 A.M. 

„ 14, 11 A.M. 

„ 16, 6 A.M. 

„ 17, 11 A.M. 

„ 17, 7 p.M. 

„ 18, 7 A.M. 


llise oi Merruiy in Inc lies 

17. 

21^, sunshine. 

20 ^ 

22^, warm sunshine. 

1(4. 

lOf, rain. 

214, rain, and warmth. 
29|, Ho. 

32A. 


I)g. 1164. Instrument used by Hales to ascertain the force of ascent of the sap A bent glues 
tube, f <f e attached to the upper pait of a cut Vine stock, a, by means of a copper cap, b, which 
18 secured by a lute and a piece of bladder, c The Io\el of the mercuiy at the commeu cement of the 
experiment is marked by the letters c and / The sap as it uses ui the stem of the Vine passes into 
the tube, so as to press the mercuiy down in the limb, c, and np iii tlie limb,/ 

Hales, Vegetable Statics p 116 Hulmmel, li Ph}'Jique dcs Aibrcs, ii 25h 
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From this time till May 5th the force gradually decreased. The force 
of the sap in another experiment was equal to 88 inches of mercury, 
which Hales states is nearly five limes greater than the force of the 
blood in the cmral artery of a horse, and seven times greater than 
the force of the blood in the same artery of a dog.* Bruckef found 
that in a Vine, the spring sap, having a specific gravity of 1.0008, 
raised a column of mercury to the height of 14^ inches, and therefore 
exerted a pressure equal to that of a column of water 195 inches high. 
In another experiment sap of specific gi'avity 1.0009 raised the mer- 
cury to the height of 17^ inches. J 

755. Kecapitulation of the principal facts connected with the ge- 
neral course of the saj) : — 

1. There is still much doubt as to the exact course of the sap in plants, more especially 

as regards the tissues tli rough which it is convc} ed. 

2. In cellular plants the sap has no definite course, but seems to pass from coll to cell 

through every part of the tissue. 

3. In vascular plants a definite course is followed by the sap in its progress, the liquid 

sap being contained in cells and woody tubes, wliilc gaseous matters are contained 
in the fibro-vascular tissue. 

4. Watery fluids are taken up by the cells at the extrcniitv of the root ; they are con- 

veyed to the stem, and finally reach the leaves, whence they are difl^used through 
the plant. 

In a dicotyledonous tree the crude sap appears to ascend through the cells, pleuren- 
chyma, and intercellular spaces of the new wood, until it enters the leaves. 

0. In the leaves the sap is exposed to the action of air and light, and is thus elaborated 
so as to bo fitted for the loiTnation of various secretions. 

7. From the leaves there appears to be a descent ot elaborated saj), more especially to- 
wards the exterior of the stem. 

S There is also a gencial diflusion of elaborated sap th rough the different parts of the 
plant. 

9. The causes which operate in the progiession of the sap areendosmose as a propelling 
force, chemico-vital actions in the cells and vessels, capillarity, and the transpira- 
tion of the leaves as an attracting force under the influence of light. 

10. The absorption of fluids by the roots and the transpiration by the leaves in healthy 

plants must always correspond. 

1 1. Heat, light, and moisture liave a powerful effec t on the motion of the sap. 

1 2- The force with which the sap ascends is very great ; in soinc instances it raised mer- 
cury in a tube to the height ot 38 inches. 

* TTales, Vej'et.'ible Statics, j). 105-107 
+ Bruckc, ropgendorif Aanaleti der Pliysik, Ixiii 

X lor fuller remarks on the movement of the sap, consult Cotta, Naturbeobachtnngen uher dcr 
Bewegung des Saftes. Buhamers Physique des Aibies. Girou de Bu^aioingucs sur Ic Moucemtnt 
des Iluides dans les Plantes — Ann. des Sc. Nat 2d8er Bot v. ‘22G. Matteutci, on the Physical Phdio- 
mena of Living Bodies — Trans, by Pereira, p 75 Srhleidcn’s Principles ot Botany— Translati d by 
Laukester, p. 615. The movements of fluids and granules in individual ceils and vessels h ive olre.idj 
been noticed undei notation ami C>clo8i8. at pages 414 and 422 



CHAPTER VIII. 

PHYSIOLOGY OF THE FLOWEB. 

I. FUNCTIONS OF THE FLORAL ENVELOPES. 

1. CHANGES IN THE CONTENTS OF THE FLORAL TISSUES. 

756. The appendages of the flowers which assume a green colour 
perform the same functions as leaves, giving out oxygen under the in- 
fluence of light. The cells of the floral leaves or bracts, and of the 
calycine leaves or sepals, commonly contain chlorophyll, which is pro- 
duced under the agency of light by a process of deoxidation, carbon being 
fixed and oxygen separated. The bright-coloured parts of flowers do 
not appear to decompose carbonic acid ; on the contrary, they exhale 
this gas. The petals of flowers, according to Garreau, are usually 
covered with a fatty matter over the whole surface, and hence they 
have not the property of absorbing water. But if they are washed 
with soap, then with ether and distilled water, they become endosmotic 
and absorb fluids. The petal of I’a^ony absorbed no distilled water in 
thirty-six hours ; when washed with soap and other, absorption took 
place, which was increased when the epidemiis was removed. 

757. The corolla is associated with the thalamus or receptacle in 
producing abundance of starch, which is changed into sugar during 
flowering, so as to afford nutriment to the stamens and pistils. While 
the calyx and green parts of the flower are concerned in the elabora- 
tion of the juices under the influence of light, the corolla is more im- 
mediately concerned in the protection of the internal organs, in the 
formation of coloured juices, and in the production of amylaceous and 
saccharine matters.* The quantity of starch accumulated in the re- 
ceptacles of flowers is often large. Tliis is well seen in CompositsB, 
such as the Artichoke and Thistle (Fig. 1165). The amylaceous 
matter during flowering in these plants becomes saccharine, and is ab- 
sorbed by the flowers for their nourishment. The state of such re- 
ceptacles alters during flowering. They are first amylaceous, then 

* Dunal, Bur les Fonctions des OrganeB Floraux color^s et glandulcux, Pans 1829. 
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saccharme) and finally become dry. In the case of the Artichoke tlie 
receptacle and bases of the phyllaries or scaly bracts are used as food 
in the young state, but 
when fiowering has 
proceeded they no 
longer yield nourish- 
ment. What is com- 
monly called the choice 
in the Artichoke is 
the young unexpanded 
flowers. So also in 
the Dandelion, the re- 
ceptacle is at first suc- 
culent, but after flower- 
ing itbecomesjuiceless. 

Many plants which ac- 
cumulate starch and 
nutritive matter in 
their stems, roots, and leaves, part with these stores of nourishment 
when flowering proceeds, and change their character. Thus the suc- 
culent roots of the cultivated turnip, beet, and carrot become com- 
paratively dry and fibrous, and the leaves of cabbage lose much of 
their tenderness, when the flowering stems are developed. The active 
juices of plants are hence frequently best collected before flowering. 



2 ABSORPTION OF OXYGEN AND EVOLUTION OF CARBONIC 

ACID 

758. The flower, according to Saussurc,* in the exercise of its 
functions, absorbs oxygen gas, and gives out carbonic acid. In his 
experiments he placed plants in a closed receptacle of air, of which 
they only occupied the 200th part, and measured the quantity of 
oxygen absorbed, comparing it with that of the volume of the flower 
experimented on taken as unity. The duration of the experiment, in 
each case, was 24 hours, the external temperature varying from 64.4*^ 
to 77® Fahrenheit. 

Name of Species. 

Passiflora serratifolia 

Cucurbita Pepo, Gourd, male flower . 

Matthiola incana, Stock 


Oxygen absorbed 
by the riowcrs. 

. 18.6 
. 12 
. 11 


Fig. 1166 Head of Scotch T)mWt\Onopordum Acanthitm) rut vertically, showing the receptacle, 
a, to which the phyllanes. b, and ilowers, f, are attached. This receptacle contains much starchy 
matter, which, as the flowrers are developed, is changed into grape-sugar 


* SauBsure, de 1* Action des Fleurs but I’air et de leur Chaleur Piopre— Ann de Chimie et de Phys 
XXI 279. Sec also Saussure, Recherches Chimiques sur la V^g^tation, p 133 
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Name of Species. 

Typha latifolia, Great Reed-Mace 

Castanea vulgaris, Chestnut 

Polyanthes tuberosa, Tuberose 

Daucus Carota, Carrot 

Hibiscus speciosus 

Tropseolum inajus, Indian Cress 

Hypericum calycinura, large flowered 8t. John’s Wort 

Cobtea Bcandena 

Lilium candidum, White Lily 

Cucurbita Pepo, Gourd, female flower 


Oxyffen absorbed 
by the Mowers. 

. 9.8 

. 9.1 

. 9 

. 8.8 

. 8.7 

. 8.5 

. 7.5 

. G.5 

5. 

. 3.5 


759. "Phis absorption of oxygon is carried on by the coloured 
corolla, along wilh the essential organs of reproduction.^* The quan- 
tity of oxygen absorbed is much greater when the stamens and pistil 
are perfect than when they are abortive or wanting. A perfect flower, 
with the latter organs present, took up more oxygen than one which 
had become double by the more or less complete conversion of the 
stamens and pistil into petals. Thus — 


Common Stock, Single Red, consumed 11 vol. of oxygen. 


,, Double 


7.7 

J5 

Common Tuberose, Single 

»» 

9. 

O 

„ Double 

j) 

7.4 


Indian Cress Single 

7) 

8.5 


„ Double 


7.25 

O 


760. In proportion to their volume the essential reproductive 
organs absorb more oxygen than the entire flowei’s : — 


NAMES OF SPECIES 


1 lowpis cntiip. EsBcntial orpnna 
jOvjgcn nbsoibid Oxjgen ubsoi bed. 


Common Stock . . . 

Indian Cress ... 

Gourd, male flowei .... 
Large-flowered St. Jolm’s Wort 

Cobiea scandens 

Hibiscus specioMis .... 


11.5 

18 

8.5 

i 1G.3 

7.G 

IG. 

7.5 

8.5 

G.5 

7.5 

5.1 

6.3 


761. More oxygen is eonsnmed by the male flower than by the 
female : — 


Oxygen consumed by male flower of Gourd in 10 hours . 7.G 

Do. by female ..... 3.5 

Do. by Stamens separately . . . 11.7 

Do. by Styles and Stigmas separately . 4.7 


* The orgHiiB of plants which consume most oxjffen '»re those which wither most quickly, vir. the 
stamens, styles, and petals 
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Oxygen consumed by large Reed'Mace in 24 hours, inflores- 
cence consisting of one male and one 


female Spike .... 9.8 

Bo. by male Spike alone . .IT) 

Bo. by female Spike alone ... 0.2 

Oxygen consumed by panicles of male flower of Indian Com 

in 24 hours .... 9.0 

Bo. by female flowers and their sheath . 5 2 


EVOLUTION OF HEAT DURING FLOWERING 

762. At tho same time that oxygen is absorbed there is a eon ver- 
sion of starch into grape sugar, an evolution of carbonic acid gas, and 
in many instances a very marked elevation of temperature, caused by 
tho (‘ombination between the carbon of the flower, and the oxygen of 
the air. The starch, vhieh is stored up in llie r(‘ceptacle and at the 
base of the petals, by passing into the state of dextrin and grape 
sugar, becoin(‘s fitted for vegetable nutrition. At tin* same time im- 
portant purposes are served in the economy of the plant. Thus the 
saccharine and honey-like matter which often collects in the cup of th(‘ 
flow(T, and soin(‘times in special pits or d(‘pressi()ns, as in (h’own Im- 
perial (Fig. 1166), and Asarabaeca (Fig. 1167), attracts bees and 
various insects, whicii ar(‘ thus nuule instrumental in scattering thi‘ 
pollen. According to Vaiieher, the saccharine matter is applied to 
the stigma and otlier j)arts of the pistil, so as to favour the application 
and bursting of the grains of pollen. 

763. An evolution of heat takes place during flowering; but from 
the large surlace exposed, it seems to be in most instances carried off 
by the atmosphere as soon as it is developed. Fasiss occur, however, 
in which the temperature can be noted. Tims the flower of a Cistus 
(Fig. 529, }). 205) showed a temperature of 79^, while that of the air 
was 76®, and those of a Geranium 87^^ when the air was 81'*. Otto 
ascertained that the flowers of Victoria regia at Hamburg (Fig. 235, 
p. 107) gave out heat when the anthers were mature. In one instance 
when the temperature of the hot-house was 70.7'^ P\, and that of tlie 
tank 69.1^, that of the Victoria about seven o’clock in the evening was 
80.3® ; on another occasion, while the air was 72.5®, and the tank 69.5®, 
the Victoria was 105.1®. M. Teysman at Burtenzorg, in Java, has 
observed an elevated temperature in the male cone of ('yeas circinalis ; 
the time when it was observed being between 6 and 10 p.m.* By means 
of an air thermometer Saiissure found the flower.s of Bolyanthes tube- 
rosa J®, those of Bignonia radicans I®, those of Cucurbita Uepo 1® to 
3® F. above the temperature of the air ; while Mulder found the flower 
of Cereus grandiflorus 1® to 2® F. warmer than the atmosphere. 

* l)p VncBe, observations upon tlic elevated tempciaturc of the male infloiescencc of Cycadareuus 
plants— 'IIookerB Kew Miscellany, iii 186. 
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7 64, The most marked instances of the evolution of heat, however, 
occur in the blossoms of plants belon^ng to the natural order Araceae 
(Fig. 1168). In them the inflorescence consists of a thick fleshy spadix 
(Fig. 1170) containing much starch, and bearing numerous male and 
female organs, a and 6, enclosed in a large sheathing bract or spathe (Fig. 
1169, s). The production of heat during the expansion of the spathe 
of Arum italicum was observed by Lamaick in 1777.* Senebierf 
found that the temperature of Arum maculatum (Fig. 1168) rose to 



lij: l\r lU)? 


15.5® F. above that of the air, and DutrochetJ measured it fiom 25® to 
27®. Seliult/§ noticed th(* beat of Caladiuni pinnatifidum 9® F. 
above that of tlie atmosphere ; and Goeppert|| states that the tempe- 

lig 11B6 Flowei of Crown Impeual la/jj) laid optn.BhoMing the pits 01 dipiessions 

at the base of the petals (It ivcs of ptiiantli), m which honey-lilvt mattci is secieted Tlu sacihaiinp 
matter is formed from starch 

I'll; 1167. Asarabacca {Aaarum europtcum), the (lowers of iivhich have depressions on the innei 
and has il portion of the peiianih contauiing Sdcchuiue matter 


* Lamarck, Lncvclopedie methodique, Bot iii 8 + Sent bici, Physiol Vdgdt. lu 814 

:): Dutrochit, Comptes Rendus, 1839, 695 See also Sanssure, on Aium maculatum — Ann de 
Cliitiiie et de Phys xxi 284, also Ireviraims, in Ticdemann Zeitschiift fur Physiol iii 257 
^ Schultz, Die Natur der lebendigen Pflunre, ii 185 

II Goepport, ueher warme Entu Itkclung m dcr lebenden Pflanren, Wien 1882 
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ratuio of the spadix ol Aiiiiii I>ia< uticulus idm' to U 5" F al>o\c ihat 



1 „ iihs hpr li<o 1 g 1160 


ol tiic ail huiiouudni^^ it Hiongniait m 1831 found tlit tompeialuio 

Iig 1168 LuckoH pint (Anon tna ultium) bcloUf^ing tn thr ntluiai older Aiucir It is one 
fl the plants \ihith is reui'iikablo loi the production of 1 1 it in fcitiiri (innmstantts durinj: 
flow eiinp 

kig 1169 Spat he s or floral leaf enclosing the spadix or oi gaits of reproduction ( t Arum I In re 
aie nnmeinus male and female Aowers on a common reetptadt which contains nmth starch 

Fig 1170 Spadix of Aium, show uig the female flow er** a tin in 1 , A the abortive floweis, c, and 
t he club shaped extremity d of thi spadix Ihc spidix is suciulent ind contains much stiich 
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of Colocasia odora* 19.8® F. above the air of the conservatory in which 
the specimen grew. Van Beck and Bergsma noticed the heat of the 
same spadix 129® when that of the air was 79®. In the Isle of 
France, Hubert f states that a thermometer placed in tlie centre of 
five spadices stood at 331® F., and in the centre of twelve at 142^®, 
while the tt*inperature of the air was only 74.75®. De Vriese says 
that from the computation of several hundred observations the maxi- 
mum has varied from 48® to 57® F. 

765. Dutrochet’s examination of the spadix of Arum maculatum 
gives the following results : — :|: 


IHTE A^D HOUR 

Dinidtion of 
Thci nio-clectric 
Needle 

Heat of Spadix 
above Air. 

Temperature 
ol Air. 

May 2. 

4 

P.M 

64® 

17 6® F. 

59.^, P. 

If 

5.30 

ff 

65 

18.7 

60.2 

ff 

G.30 

If 

58 

12.5 

(>0.2 

ff 

7 

ff 

55 

10.6 

60.0 

>' 

h 

5* 

' 44 

6.3 

59.5 


0 

V 

30 

3.4 1 

59.0 


10 


in 

2.1 j 

58.6 


From these observations it a])pears that the maximum of temperature 
in the spadix occurred at 5.30 p.m., one hour and a half after the com- 
plete opening of Ihe spathe, and that the heat was 18.7® above that 
of the surrounding air. On the 8d of May Beequerers Ihermo-electric 
needle applied to the same [dant remained at zero till mid-day, and 
then began to d(‘viate to the opposite side, indicating that the spadix 
had then become colder than the air around. Idjis deviation of the 
needle reached 4®, which implied that the temperature of tlie spadix 
was about J® bclon the temperature of the air. On the 4th of May 
another specimen of Arum niaeuhitum came into flower, and w.as cx- 
I)erimented on. The heat at 2.30 p.m. was 14® above the air, the 
needle showing a deviation of GO®. 

766. The seat of the highest temperature changes during flower- 
ing. When the spathe opens, the staminal organs show the greatest 
heat ; and after the pollen is discharged, their temperature falls, and 
the part of the spadix above them grows warm. Hubert states that 
the outer surface of the spadix is that in which the temperature is 
principally developed. The male organs of the Arum are also shown 
to have a higher temperature than the female. Dutrochet made the 

* Brongniart, sur le Colocasi i odora, iLc.— Nouv. Ann. du Mus in 146. See figure and description 
of tins plint, whirh is eiilled Fiiigrunt Indidn Kale, in tlicBotanic.il Magn/ine, Fig 3935. 

4 Hubert, in Bory de St. Vincent, \oMigo dans les quatre lies pnncipalcs de la iiier d’Afiique, ii 
68. See also Joutnal de Physique, lu. 281. 

t Dutrochet, Rceherches sur la Chaleur propie du Spadicc dr 1 Arum nidculatum k Tepoque de 
lu floraison— Ann. (les Sc. Nat. 2d scr. Bot xiii 65 
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following observations on the heat of the female flowers of Arum 
maculatum : — 


DATE AND IIOPR. 

Deviation of 
Thernio-electiic 
Needle. 

Unit of Feinali 
lUweis above Air. 

Temjicrature 
ol Air. 

May 4, 

2.45 

P.M. . 

22® 

2.5° F. 

68.r F. 

n 

3.30 

» 

18 

2 

58.1 


4.45 

i) 

16 

1.8 

58.1 


6.45 

f) 

13 

1.4 

58.1 


7.16 

j) 

11 

1.2 

57.7 

jj 

9 

)> 

8 

0.9 

57.3 

» 

10 


6 

0.6 

67.2 

May 5. 

6 

A.M. , 

18 

2 

57.2 


7 


26 

2.9 

57.2 

V 

8 

If 

28 

3.1 

57.7 

' » 

9 

)} 

24 

2.7 

58.4 

1 »» 

10 

)> 

17 ‘ 

1.9 

1 59 

1 tf 

11 

» 


1.6 

59 


12 noon 

14 ' 

1.5 

59 


1 

P.M. . 

13 

1 4 

59 

jy 

2 

ff 

12 

1.3 

59 


3 

jf 

9 

1 

1.0 

59 3 


767. There is also exhibited during flowering a daily maximum 
and minimam of temperature, whieh, however, do not appear 1o oeeur 
at regular periods. In the case of Arum maculatum, Dutroehet found 
the maximum temperature in the morning, while Senebier noticed it 
after 6 in the evening. In C^olocasia odora, llrongniart found the 
maximum at 5 p.m. : Vrolik and De Vriese, as well as Van Beek and 
Bergsma, at 3 p.m. ; Hasskarl, in Java, at 6 a.m. ; Hubert, in Mada- 
gascar, after sunrise.'* In tlie gardens of Paris, Amsterdam, and 
Leyden, (Jolocasia odora attains its maximum temperature at noon. 
The production of heat in Arum italieum, according to Sanssure, 
attained its maximum from 4 to 7 p.m. In an experiment with (Jolo- 
casia, the first flower began to expand on 4th March, but it was not 
till the Gth that the escape of pollen began, and the increase of tem- 
perature was perceptible to the touch. While the temperature of the 
air was 73.4*^ F., that of the spadix was 86*^. The heat of the flower 
gradually diminished, and in the evening its temperature was the same 
as that of the stove. The plant, howxwer, regained its temperature 
next day at the same hour, 2 p.m., and for four days it continued, 
though with gradually decreasing intensity, to present a similar phe- 
nomenon, when the flower finally faded. 

768. Brongniart gives the following results of his observations 

* Moh), on thr Vegetable Cell, by llenfrey, p. 102 Coasult also Biongni^rt— T^ouv. Ar.nalcs du 
Museum, tom. in. 145 , Vrolik and De Viirse— Ann des Sc Nat. 2d ser. v. 134, and xi. 65 , Van Beek 
and Bergsmn, Obs. Thermo elect, sur I’eleiatioii de temp dee FJeurs de Colocawa odoia. 



524 


KVOLIITIOK OF HEAT DURING FLOWERING, 


on (^olocnsia oclora as regards the time and degree of maximum 
lieat ; — 


1 DATE OF OHSEttVATION 

Hour of Max. 
Tempt ratine. 

T» mpei a- 
tiirc ol Air 

1 

1 Temperature 
of Spndix. 

Tcmperatuie 
above Air. 

1 

Rpathc opened March ] 4. 

3i P.M. 

76.1* F. 

84.2° P. 

8.1° F. 

15. 

di „ 

76.2 

03.2 


ri(i. 

5 „ 

74.8 

93.2 

18.4 

Pollen discharged, -<17. 

V 

75.2 

95 

10.8 


II V M 

HO.G 

95.3 

14.8 

la. 1 

10 „ 

77.9 

82 4 

4.5 


Tlie rise of temperature here an evident relation to the development 
of the stamens and tin* emission of the pollen, and after the latter had 
taken place, the temperature fell, and the spadix ithered/’^' 

7G9. Vrolik and l)e Vriese record tJic following experiments, in 
the Hotanie (lardcn at Amsterdam, on a plant of Colocasia odora 
(C^aladium odorum), at the time wlien the anthers began to open : — 

Kxpeuimdnt on 23d June lh3H. 


1 

Houi. 

Irnip 

Ti mp of 

Temp 

Hour 

Trnip 

Tt mp. of 

Temp. 

ot Air 

spadix 

ahoie All 

of Air 

Spauix 

above Air 

12.45 P.M 

04° F. 

, 74.0" F 

' 10..V’F 

4 P M 

(;4 4° P. 

08" F. 

3.C" F. 

i-fl , 

84 4 

7G.4 

12 

1 5 

64 1 

06.0 

2.5 

2 „ ! 

G4.0 

78 9 

14 


()4 1 

66 3 

1 0 

3 

01 

70 8 

15.8 

7 „ 

0 1.4 ’ 

1 I 

1.0 

3.30 „ 

61 

73.4 

8 4 

8 

04.4 1 

1 06 

1.6 


i Continuation of Experiment, 2 

4th June. 

Pollen discharged. 

111 AM. 

64!»°F. 

68° F. 

3 I ’F. 

3 PM 

00" F. 

77° P. 

17° F. 

1 2 noon 

1 65.6 

00 0 

. 4.3 

4 „ 

50 

75.3 

10.3 

1 P. M 

f 00.0 

75 0 


5 

05.0 

73 

7.4 

2 „ 

02 0 

78 

15.1 

fi 

Oi.O 

6*0.8 

4.2 

2.3<» „ 

’ 6*0 

70.7 

19 7 , 

7 ,, 

05.0 

08 

2.4 


(/outinuation of Kxpei iinciit, 25th June. 


1 P.M. 

69.2° F. 

82“ K 

I2 8"l' 

2.30 p M. 

08" F. 

82' F. 

, 14° F. 

1.30 „ 

00 2 

84 

14.8 

d „ 

08 

80.0 

12.9 


08.1 

82.5 

144 


08 

78 

10 


The maximum occurred on the 24 th, betw^*en 2 and 3 in the after- 

* nioiigriinirt, flur le Colorasm odora, rt imi PEh \ .ition dt* Tciujicraluie dr sa Itrui - Nou\ Ann. 
Uu Vfot (I’Uist Nat in 14A 
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noon, at wliich time the temperature of the spadix was nearly 20^^ F. 
above that of the air in the conservatory.* 

770. Garreauf gives the following tabular view of observations 
made at Lille on the heat given out by the spadix of Arum italiciim. 
The experiment was conducted on 8th June 1851, the atmospheric 
temperature being 66.2" F. : — 


Hours of the Paroxysm. 

Heat of Spadix 
above Air. 

Mean Heat. 

Oxygen 

1 consumed. 






Cubic cent. 

1st Hour 

12 

h. 30 m. 

6.0“ F. 


7.5" F. 

75 


l3 

30 

10.0 


2d Hour - 

3 

30 

10.0 


12.9 

95 


14 

30 

15.8 

r 

3d Hour - 

r4 

30 

16.8 


17.6 

125 


L5 

30 

19.4 


4th Hour - 

(5 

30 

1.0.4 1 


15.6 

86 


16 

30 

11.8 J 


5th Hour \ 

[ 6 

30 

11.8 1 


9.1 

55 

\ 

17 

30 

0.4 j 

\ 

6th Hour 

'7 

30 

6.4 1 


4.8 

25 

( 

.8 

30 

3.2 i 



Volume of Oxy* 
p:en cousumcu, 
the Oigaii beiug 
taken as unity. 


16.5 

21.1 

27.7 


18.9 


12.2 

6.5 


The mean heat per hour was 11.2" F., the mean of the oxygen con- 
sumed 76.6, and its mean volume, when compared with the organ as 
unity, was 16.9. 'I'lie oxygen consumed during the 6 hours of the 
paroxysmal heat was 4(>t) cidiie centimetres, and that consumed during 
tlie 1 8 succeeding houi’s was 2 JO, making in all, in 24 hours, 690 
cubic centimetres. The ipmiitity of oxygen consumed increased with 
the temperature. IJius in three distinct experiments the results were — 

No. 1. Mean heat, 9,9® F. Oxygen consumed, 1(5.1 cubic cent. 

No. 2. — 1].2 — — 16.9 — 

No. 3. — 13.1 — — 17.3 — 

Garreau says that the nature of the surface of the spadix of Anim 
seems to facilitate absorption. It consists of numerous projecting cells, 
giving a velvety appearance to the organ, with two or three open 
stomata. Saussure found that the blossom of Anim niaculatum, when 
cold, consumed live times its volume of oxygen, but when warm, thirty 
times. In a flow<*r during the paroxysm, he found that the spathe 
consumed five times its volume of oxygen, tlu' bare portion of the 
spadix 30 times, and the part covered w ith flow'ers 1 32 times. 

* Vrolik ct Do Vneae, anr I’Kluintioii dc Temperature dii Spodix d’lm Colocaaia odora. — Ami. dea 
Se. I^at. 2(1 acr. Hot. v. l.^l, and xi. (15. 

+ Garreau, Eclatioii cutre rO\ygt''iie ct le Spadiec de I’Aruni itulieiim. — Ann. dea Sc. 3d ficr. 

Bot. xvi. 263. 
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771. The rehition which the evolution of carbonic acid bears to 
the heat produced is thus shown by Dutrochet : — 


NAME OF OKGAN. 

Mean Temp, above 

Air lu 12 Hours. 

COg evolved in 

24 Hours. 

Spathe of Arum maculatum . . 

Spadix of do. . . 

Male organs of do. . . 

Female organs of do. . . 

Female flower, Gourd .... 

0.060 p. 
18.00 

12.00 

2.7 

0.16 

Cubic centimetres. 
4.0 
flS.O 

13o.O 

10.0 

7.6 


The quantity of carbonic acid evolved is in direct proportion to the 
oxygen absorbed, and the degree of chemical action which takes place 
determines the amount of lieat. 

772. The presence and contact of oxygen gas is necessary for these 
phenomena. VV'hen the spadix of an Arum is put into oxygen gas, 
the heat is (h veloped raj)idly and ])ov(‘rfully, the maximum ditfereuce 
between the lieat of the oxygenated spadiv and another in the air 
varying from ."/'to 12^ F. : and when tlie spadix is place<l in car- 
bonie aeid gas or nitrogen, the evolutioJi of heat ceases. The pro- 
diietion of lieat is prevented by covering the spadix wdth olive oil, 
grease, tallow, lioney, or starch.* 

4 I’KUMDS OF FLOWERING— FI.oltAL CALENDAR 

77IL The age at which dilb*renl speci(‘.s of plants })rodnc(^ ilow'ers 
varies. Some s[>riiig fr()m set'd and pro(lii(‘c Howlers in tlie course of 
a singh* year and die, others produce flow'ers the second year after ger- 
minating and then decay, while a third set conliiiiie to flower formally 
years in succession. Hence the division into annual { O), biennial 
and perennial (If j plants. In some eases flowering is long de- 
layed, and wdien it does occur the deveh^jmient of the flowering stalk 
takes {dace with great vigour and raj)i<lily, ami the jdaiit dies after 
producing fruit and seed. Species of Agave exhibit this {dienornenon. 
Thus the fio wiring- stalk of Agave geminiflora i Lilta‘a gimiiniflora) in 
the garden at Nympheiiburg grew feet from 1 Uh August to lOtli 
December 1842. In the Royal Harden at Kew in 1844 Agave vivi- 
{mra (Fourcroya giganlcaj produced a flowering stem whicli at first 
grew at the rate of 2 feet in 24 hours ; in two montlis the stalk at- 
tained the height of 26 feet. A plant of Agave lietida, wliicli liad 
vegetated in tlie »Iardin des Plantes in Paris for lu'arly a century, and 
during that period had scarcely shown any signs of increase, during a 
warm smyini(‘r Ijcgaii to (exhibit symptoms of flowering. In 87 days 

“ Violik iii'l Ur \ in Ann (tea •'r Nil scrirs, xi 77 
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the flowering-stalk grew 22 ^ feet. The flowering-stalk of Agave 
americana has been known to acquire a height of 30 feet in the 
space of 30 to 40 days. 

774, Any cause, whether natural or artificial, which retards 
flowering, is attended with results of a similar kind more or less 
marked. When fruit trees have been in a non-flowering condition, 
they sometimes suddenly produce abundance of blossoms. A season 
in which blossoming has been scanty is often succeeded by one in 
which it is profuse. When the flower-buds are taken off early, it 
sometimes happens that an annual plant, such as Mignonette, is ren- 
dered biennial or perennial. The tree Mignonette is produced in this 
way. When plants grow in a rich soil it sometimes happens that, in 
place of producing flowers, they devclope branches and leaves luxu- 
riantly. In these instances cutting the roots, pruning the branches, 
taking a ring of bark out of the stem so as to retard the descent of 
sap, and transplanting into poor soil, frequently cause the plants to 
flower. Injuries inflicted on forest trees late in the season sometimes 
give rise to autumn flowering. When a branch is grafted on a vigo- 
rous stock it often happens that its flowering is accelerated. By this 
process a check is imt to luxuriant branching, and the sap of the old 
stock stimulates the young gi-aft or scion. 

775. The different periods of the year in the various countries and 
climates of the globe are marked by the flowering of certain species 
of plants. Each climate has its ])eculiar floral calendar. Thus in 
Scotland ue have the Winter Aconite (Eranthis hyemalis) and the 
Snow-drop (Galanthus nivalis) flowering in February, the Primrose 
(Primula vulgaris) in March, the (\)wslip (Primula veris) and Daflbdil 
(Narcissus l*seudo-Nareissus) in April, the Hawthorn (Crataegus Uxya- 
cantha) in May, numerous successive sj)ecics expanding their blos- 
soms during each month of summer, the Ivy (Hedera Helix) flotvering 
in September, and the autumn Crocus (Colchicum autumnale) pushing 
up its flow'oring-stalks in October. Every month and every week has 
thus its peculiar flowers. Tlie expansion of certain flowers indicates 
the revival of vegetation after winter in temperate and cold regions, 
and after the dry s(uison in w^arm countries. The time of ex})ansion 
of the flowers of the same species in different countries gives indica- 
tions in regard to the climate, and the difference of seasons in the same 
locality is also marked by the dates at wdiich the same species flower.* 
The registration of the periodical phenomena of flowTring or florescence 
is suggested by the British Association as one of the points to be at- 
tended to in determining the nature of different seasons. f In 1829 
Schubler stales that the Lily of the Valley (Convallaria majalis) 
flowxTed at Rome on the 26th Apinl, at Tubingen on 10th May, at 


* Liunu'us gives a Horal Calcndiu lor Upsal iii riiiloaoph. Bolanica, Stockholm, 1761, p. 272. 
Sec also Naturalist Calfiidar, in White’s Sclbonio, 369. 

t British Assor. Ueporls for 1850, p. 338 Tnhles are gucii oi llie plants to be observed in regard 
to their periods of folmtinii, drfolmlton, and flowering 
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Berlin on 17th May, and at Greifswald on 10th June. According to 
Berghaus the same spt^cies flower at Zurich 6 days later than at 
Parma, at Tubingen 13 days later, at Jena 17, at Berlin 25, at Ham- 
burg 33, at Greifswald 36, and at Christiania 52. The Almond is 
said to flower at Smyrna early in February, in Germany at the be- 
ginning of April, and in Christiania not till the commencement of 
June. There is thus periodicity in flowering as regards the seasons, 
and plants retain the tendency to expand their flowers at a definite 
period of the year even when transported to countries where the sea- 
sons are reversed. In these circumstances they do not immediately 
accommodate themselves to the opposite conditions of the seasons in 
which they are placed, but for a while continue to show symptoms of 
flo\\ering at the usual time to which they were accustomed in their 
native clime. Some varieties flower earlier than others of the same 
species. This has been noticed in the case of species of Thorn, Horse 
Chestnut, and many other plants. By means of slips taken from such 
plants gardeners ])eri)etuate early flowering varieties. 

776. Mr. M‘Nab has for several years marked the periods of 
flowering of the same species in the same exposure in the Edinburgh 
Botanic Garden, and thus he has shown the difference in the seasons. 
The following is an example of his tables : — 


J)ATL OV TLOWERING. 


NAME OF Sl’ECTES OR VAUIET\. 


Ib52. 

1 IS.’Sl 

ia5o 

Rhododendron atrovirens 

1 Jan. 

14 

Jan. 

2 



Garrya elliptica .... 

1 ” 

20 

» 

14 

Dec. 

24 

Rhododendron Nobleanum . 

' 

23 

Feb. 

2 



Geum pyrenaicum . . . 

1 

1 ” 

23 

Jan. 

20 

March 22 

Erica herbacea 

1 

24 

yy 

16 



Corylus Avcllaiia .... 

1 

}i 

25 


16 

Feb. 

16 

Azara dentata 


26 


. 



Alnus glutinosa .... 

tf 

27 

Jail. 

13 



Galanthus nivalis .... 


2S 


17 

Fob.’ 

11 

Knappia agrosiidca . . . 


31 

» 

28 


22 

Daphne Mezereon .... 


31 

ft 

28 


22 

Eranthis hyemalis . . . 


31 

ft 

15 

ti 

14 

Cornus mascula .... 

Feb. 

2 

Fcl). 

14 



Symphytum caucasicum 

}j 

2 

Jan. 

23 

March 

14 

Galanthus plicatus . . . 

» 

3 

1 

28 

Feb. 

14 

Crocus susianuB .... 

ft 

3 

ft 

26 

it 

16 

Helleborus lividus . . . 

ft 

3 

tf 

11 

March 

H) 

Sisyrinchium grandiflorum . 

ft 

3 

ft 

27 

tt 

12 

Potentilla Fragariastrum 

ft 

5 

tf 

26 

Feb. 

5 

Helleborus odorus .... 

tf 

10 

it 

20 


14 

Helleborus oricn tails . . . 

ft 

14 
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NAME OF SPECIES OR VARIETY 

DATE OF FliOWERlNG. 

1862. 

1861. 

1850. 

Arabis albida 

Feb. 16 

Feb. 7 

Feb. 21 

Symphytum tauricum . . 

„ 16 

„ 6 

• « • 

Crocus vemus and varieties 

„ 18 

„ 3 

„ 26 

Primula denticulata . . . 

„ 19 

„ 16 

„ 23 

nivalis . . . 

„ 20 

March 16 

March 1 

Symplocarpus foetidus . . 

„ 20 

Feb. 4 

Feb. 18 

Leucojum vemum .... 

„ 21 

Jan. 20 

77 1« 

Arabis precurrens .... 

» 21 

Feb. 1 

„ 24 

Anchusa sempervirens . . 

„ 21 

„ 14 

„ 26 

Tussilago alba 

„ 27 

J an. 26 

March 12 

„ nivea .... 

„ 27 

,, 28 

„ 2 

Pulmonaria angustifolia 

March 1 



„ mollis .... 

„ 2 

Fob. 7 

77 11 

Adonis vernalis .... 


„ 18 

„ 16 

Pondia Epipactis .... 

8 

Jan. 4 

77 2 

Nordmannia cordifolia . . 

„ 10 

Feb 20 

Feb. 28 

Narcissus pumilus . . . 

11 

March 5 

March 4 

Erythronium Bens Canis 

12 

V 1 

77 11 

Aubrctia grandifiora . , . 

„ 18 

„ 1 

7, 24 

Acacia affinis (open wall) . 

,7 20 

„ 16 

77 22 

Ilyacinthus botryoides . . 

„ 20 

,7 11 

„ 18 

Scilla bifolia coerulea . . 

>, 20 

77 ^ 

„ 13 

)) ft alba .... 

,7 21 

„ 4 

7, 14 

Ribes sanguincum (first ) 




flower opened) . . j 

,, 21 

77 5 

77 11 

llyohcyamus Scopolia . . 

„ 25 

Feb. 24 

77 1 

Braba azoides 

,7 26 

! March 14 

77 15 

Anemone hortensis 

,7 27 

28 

April 6 

Saxifraga crassifolia . . . 

77 2 / 

77 4 

March 20 

Scilla bifolia, rubra . . . 

,7 2b 

17 

77 25 

Narcissus Pseudo-Narcissus 

„ 28 

„ 27 

77 24 

Puschkinia scilloidcs . . 

„ 28 

77 1 

7 , 25 

Oorydalis solida .... 

„ 28 

7 , 

„ 10 

Il>eris scmi)crvirens . . . 

,7 28 

Feb. 10 

77 0 

Asarum Kuropicum . . . 

77 20 

10 

77 7 

Anemone nemorosa . . . 

„ 30 

March 9 

77 24 

Corydalis nobilis .... 

„ 31 

,7 16 

,7 22 

Orobus vernus 

„ 31 

Feb. 17 

Feb. 23 

Scilla sibirica 

April 1 

March 26 

April 6 

Narcissus moschatus . . . 

„ 1 

26 

March 24 

Balibarda geoides . . . 

77 2 

April 3 

„ 30 

Tlyoscyamus physaloides 

2 

March 28 

7, 30 

Omphalodes verna . . , 

„ 2 

„ 10 

„ 22 

Fritillaria impcrialis . . 

,7 3 

,7 13 

77 20 

ITyoscyamus orieutalis . . 

7 , ^ 

28 

April 1 

— — ^ - 


- 

_ 
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777. Temperature is a most important agent in causing plants to 
flower, but in each species the range of flowering-temperature is definite. 
A high temperature, in tbe case of jflauts helongiiig to cold regions, 
often makes them produce leaves in place of flowei*8, or if flowers arc 
produced, they drop off and are abortive. Fruit trees of temperate 
regions, when gm^Ti in tropical countries, are frequently unproductive. 
In cultivating })lant8 in hot-houses, it is of importance to regulate the 
temperature, and at the same time to attend to the state of moisture 
and ventilation, if we ^vish the jdants to flower properly. 


5 VIGILS OF PLANTS—SLEEP AND AWAKING OF FLOWERS 


778. There are differences in regard to the hours of the day at 



liK 1171 fif; 1172 


which flowers expand. Some open at dawn of day, otheis a few hours 

Fig 1171 Head of flower of the ( omnion Mnrigold {(^a(fndula offinnala), hclouging to the 
Compositse which close their florets in the cveimig The outci flon ts, or those of tlic rav, co\( r thost 
of the centre or disk, and thus protect them Hit same thing takes plai l in tht 1) iisy 

Fig 1172 A species of Star of Bethhhem [Ormthoqalum umbellatum), whitli (Hosts its flovitrs 
about Hah, and is htnre called Lady-EIrven o’clock Ihc flowrrs eomt off from the toniinon 
rachis in a corymliose fomi The bulb, a, is seal}, and produces siiiall bulbs or clo\e8 in tlic axil of 
the scales This bulb is supposed to be the Chmontm or cab of Doves’ Dung mentioned in Scripture 
as being sold during the famine in Samana for a largo sum —2 Kings m 25 
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later, others at mid-day, others in the evening, and a few after dark- 
ness has come on. Eoemeria violacea expands its blossoms early in 
the morning, and the petals have generally fallen off two or three 
hours before noon. Many (k>mpo8ite plants (Fig. 1171) show a re- 
markable tendency to open and close their florets. Species of Goat’s- 
beard (Tragopogon) receive the common name of go-to-hed-at-noon on 
account of closing their florets at mid-day. (Enothera biennis is 
called Evening Primrose from opening its flowers in the evening. 



IIK 1174 hi' 117^ l-Jg 1175 


779. The vigils of plants attracted the attention of Linna 3 us and 
he constructed what he called a Floral Clock, in which the hours of 
the day were indicated by the opening of certain floi\ers, and which 
w^ere hence called horological. The following is a specimen of such 


Iig 1173. One of the Cichoraceous plants, the Chicory (Ctekof turn Intyhni), which opens its flowers 
early in the morning It is a Composite plant. Ihe root yields chicoiy, which is oaeu mixed with 
coflFee. 

hig 1174 Scarlet Pimporncl ( dnaqalUs arvetists), which opens its flowers about 8 am, and closes 
them during gloomy weather and laiu It is called Poor Man's Wtuthei •glass. 

Fig 1175. A Ficoid plant (Mfscmbt yantkemum falcifortne), the flowers of which open and close 
under the influence of light and darkuess. 
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ail arrangement of flowers, in which the hours indicate the periods of 
waking from sleep~-it is given hy De (Candolle* from observations 


made at Paris : — 

Hours of 

Wayng. 

Ipomooa purpurea . . . . . . . 2 a.m. 

Ipomoea Nil (Kior de Notte) and Calystegia sepium . . 3-4 A. M. 

Tragopogon, and some other Cichoraceie, Matricaria suavooleus 4~5 a. m. 
Papaver nudicaule and most Cichoracea? (Fig. 1173) . . »*> a. m. 

Ecbalium Elaterium, Lapsana communis, and some Cichoracctc, 

Convolvulus tricolor ....... 5-6 a. m. 

Hypochteris maculata, several species of Solanum, Convolvulus 

siculus . . . . . . . . 6 a.m. 

Species of Sonchus and Uieracium ..... 6-7 A. m. 

Species of Nymphroa, Nuphar, Lactuca, and Camel ina, Prenanthe.s 

muralis . . . . . . . . 7 a.m. 

Mesembryanthemuni barbatiim, Spccularia Speculum, Ciicumis 

Anguria ......... 7-S a m. 

Anagallis arvensis (Scarlet Pimpernel), (Fig. 1174) . h a. m. 

Nolaua prostrata ........ 8'9 a. m. 

Calendula arvensis . 9 a. m. 

'Arenaria rubra ......... 9-10 a.m. 

Mesembryanthemum nodiflorum .... 10-11 a.m. 

Omithogalum umbellatum (Fig 1172), (Lady-EIeven-o'Clock) . 11 a.m. 

The greater part of the Mesembryacca} (Fig. 1175), Passiflora cwrulea 12 a.m. 
Scilla pomcridiana (at Montpelier), Pyrethrum corymbosuin . 2 p. m. 

Silene noctiflora ......... 5-6 i*. m, 

(Enothcra biennis ... .... 6 p. .m 

Mirabilis Jalapa .... ... 6-7 p. m 

Lychnis vespertina . . . . . . 7 r. m 

Cereus grandiflorus, Mesembryanthemum noctiflorum, (Enothera 

tetraptera and suaveolens 7-H p. m. 


780. Fritzsch lias jmid particular attention to the opening and 
closing of flowers, and gives the residts of observations made at Pnagiie, 
in Bolieraia. He states that these phenomena are rarely momentary, but 
that they are slow and continuous processes, which at all hours of the 
day are in varying degrees of intensity. He examined 140 species of 
plants belonging to 29 natural orders, and found lliat the pluises exlii- 
bited by flowers in regard to sleejnng and waking an* influenced by 
light, by temperature, and more especially by insolation or exi>osure to 
the direct rays of the sun. They are also, in a certain degree, de- 
pendent on colour. These facts will be illustrated in the succeeding 
remarks taken from a translation of Fritzseh's paper, f 

781. Table showing the eommeneement of sleej) and waking in 
ditferent species : — 

* rx* Candolle, Pbjrtiologie V^gi'tale, ii.4S4. See also Lirinteuf— Philos. Bol. Kd. Vin<]6bon, 1768, 
p 278, and Vigiliee Floram Solanum— Philos. Hot. p. 273. 

t Fntzsch, Resultate xnehijahnge Beobaclitungcn uber jenc Pflanzen dcreii Blumcnkronen sich 
taglich penodisch OfTnen und Schliessen— Translated in Jnurn. of Hort. Soc. of I.ondon, \iu. 1. 
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Uoun. 

Comraenci'mont of 81oep. 
No of6peoitttt. 

Awakinfr. 

No. of Speciea 

Hour*. 

Conmiinicenient of Sleep. 
No. of Specie*. 

Awakini 
No, of tipe 

0.5 P.M. 

. . 7 . . 

. 1 

0.5 A.M. 


0 

2.5 „ 

. . 16 . . 

. 1 

2.5 „ 

. . 1 . . . 

. u 

4.5 „ 

. . 24 . . 

. 0 

4.5 „ 

. . 0 . . . 

. ]2 

C.f> „ 

. . 25 , . 

. 2 

6.5 „ 

. . 2 . . . 

. 34 

8.5 „ 

. . 6 . . 

. 0 

8.5 „ 

. . 1 . . . 

. 28 

10.6 .. 

2 . . 

. 0 

10.5 .. 

. . 1 . . . 

. 2 


From this table it appears that the hour 6 p.m., at which the greater 
number begin to close, is twelve honi*s distant from that, 6 a.m., at 
which the greater number begin to expand. The duration of sleep 
varies from 10 to 20 hours, the mean being about 14. 

782. Although there seems to be no time of day when the blossoms 
of certain plants do not open, yet in the greater number of cases they 
are closed soon after sunset. The number of species which begin to 
awake increases slowly at the early hours of the morning, then more 
rapidly from 2 a.m. to 7 a.m.. and decreases again rapidly after 
mid-day. After that hour only those species open which are night- 
bloomers. With the exception of a few hours about midnight there 
is no hour of the day at which blossoms do not begin to close ; there 
are, however, only a few about mid-day, from which time the number 
increases, reaching its maximum at 6, and then again decreasing. 

783. When blossoms begin to 02 )en after the cessation of sleep, the 
change usually takes place in the first instance slowly, then more 
rapidly, and, as it approaches its maximum, there is another retarda- 
tion. In a few jdants only the complete expansion lasts an hour, more 
commonly not so much ; they then begin to close again, at first slowly, 
afterwards more rapidly, and, as they approach the maximum of ap- 
proximation of their petals, the progress is again slow. The fiow’er 
remains many hours in a more or less closed condition, until the time 
returns for a new cycle of phases. The state of expansion of the 
corolla varies. In some cases the limb spreads out at a right angle 
with the tube, in other cases the angle is less, w’hile in some the limb 
is turned dowm so as to form an oblique angle with the tube. Esti- 
mating the anguhar value of the degree of expansion as follows : — 


An<;uinr valne 


Torres pondiiip 

Angular >!ilnp Corresponding 

ot ])haB< . 


nn^ir 

of phase. angle. 

Pcifectly closed . . 

0 

0^’ 

Half icflectcd . . . 150 lO.V’ 

Half open .... 

AO 

4.V* 

(’ompletoly reflected 200 ISd*" 

('omplctely expanded 

100 

yo'* 


Fritzi'ch obtains the 

Following results : — 

Minimuni in 17 species 


0 

Maximum in 16 species . . 81-90 

28 „ 


. . 1-10 

1 13 „ . . . . 91-100 

„ 18 „ 


. . 11-20 

1 „ 4 „ . . . . 101-110 

>> Of) 


. . 21-30 

1 „ 8 „ . . . . 111-120 

10 „ 


. . .‘11-40 

1 „ Barkhaubia foetida 121-130 

.. 4 .. 


. . 41-50 

„ Solatium vulgare . 131-140 

Maximum in C’rocus vernus 

31-40 

„ Scorzoncra liis- 

„ 4 species 


. . 41-50 

panica . . . 141-1.50 

.1 10 ,, 


. . .Al-60 

1 „ Tigridia pavonia . 180 

» 14 » 

, 

. . 61-70 

„ PjTethrum corym- 

M 15 )| 


. . 71-80 

1 bosum . . . 190 
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T84, The time of the greatest exj>aiimoii of tho flowers varies in 
gpecies. In genei^ the iiuml^er of 8]»t*cios whose blossoms 
attiun the maximum of their phusi* incroiises from sunriso to mid-day, 
and thou decreases till sunset. None of the day-l)I(X)mer8 arc open 
till 7 A.M,, or later, than 5 p.m. A siinilsvr law seems to hold good 
with the night-blooincrs^ which generally seem to ojK*n their corolla 
fully towards midnight, while at mid-day tJiey are completely closed. 


Table showing the time of the greatest expansion of the flower. 


Time of pretest 

Ko ofNl/eht 

No. a/ Day 

/ Tinif of 

No ofNiffht 

No. ofDty 

Ezpaiikion. 

Blooioen. 

Btoomon. 

£xpit<i«ioiu 

Biuotnen. 

Bloomen. 

0.5 

P.M. . . 

. 0 . . 

. 27 

0.5 A.M. . . 

. I . . 

. 0 

2.5 


. 0 . . 

. 13 

2.5 ,, 

. 0 . . 

. 0 

4.5 


. 0 . . 

. 4 

4.5 „ . 

. 0 . . 

. 0 

6.5 


. 0 

. 0 

0,5 ,, . . 

. 0 . . 

. 1 

8.5 


. 0 . . 

. 0 

8.5 „ . . 

. 0 . . 

. 16 

10.5 

V 

. 2 . . 

. 0 

10.5 „ . . 

. 0 . . 

. 26 


Thus at the inferior culmination of the sun the night-bloomers are most 
ex])auded; the expan.sion decreases as the snn approaches llie liorizori; 
at sunrise they close, vhen the da} -bloomers commence their phases. 
'Fhe day-Moomers are most expand(*d at mid-day, an<l closed again 
t<n> ards sunset, when the niglil -bloomers in turn recommence their 
course, 

785. In those blossoms which arc tiilly ex}>ando<l in the morning, 
the duration of expansion is short. In lliost^ blossoms w’bich expand 
in the afternoon, the coriditi()n of waking is limited by the length of 
time the snn is alH>ve the horizon. In those Idossonis which arc fully 
expanded in the night, the duration of sleep is shortest. 

Mean Duration of Sleep in FIo\\erb Vihich open at different times 
of the day ; — 

Moming-bloomcrs (41 species) 14.H Afteraoon-hJoomers {'11 species) 12.n 
hours. hours. 

Mid-day-bloomers (15 species) 14.2 Night-bloomers (8 species) 11. H 
hours. hours. 

Those blossoms which ar(‘ fully expanded in the uionhng open in 
general more rapidly than they clo.se, uliih* in thoj^c wliieli open in 
the afternoon the contrary law prevails. 

786. While the time of sleep of plants is in close connection with 
the apparent daily course of the snn, the degree of (expansion depends 
on the temperature of the air and various meteoric conditions, as well 
as on insolation or exposure to the direct rays of the sun. Hoffmann 
states that heat is the cause both of the awakening and the sh*eping of 
plants, and that light only enters into those effects in so far as it con- 
tains heating rays.* The temperature at which flowers begin to 

• lloffmann, nber der Pflanzensclilaf, Girsseu, 1850. licclicrclies sur It* ftnniineil den Pinnies— 
Ann drs Sc. Kat. 3d scr. Bot. xir. 810. Sec also Hot, Gazette, May 1851, and Dutiooliet, du 
Reved et Sommcil de Flenr— -Ann. des Sc. Nat. 2d ser Bot. vi. 177 
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expand varies, and the time of the year has therefore a marked in 
fluence : — 

Temp. Fah. at which Mean Time of Observation 

Species begin to expand. 

38.75® 

Two species 


April 3. 

43.25 

Five „ 


. April 18. 

47.75 

Nine „ 


May 18. 

52.25 

Sixteen „ 


Juno 16. 

56.75 

Fourteen 


July 5. 

61.22 

Six „ 


July 12. 

66.75 

Malva Alcea 


July 7. 


787. The following table indicates the temperature at which the 


greatest degree 

of expansion of the flowers take place 

: — 


Temp Falir. 

Mean Time oi Obscndtion. 

47.76“ 

Mirahilis Jalapa (night-bloomer) 



66.76 

Erodium cicutarium . . 1 

Lychnis vespertina (night-hloomer) f 

May 

6. 

61.25 

Four species . . . . ^ 

Funkia japonica (night-bloomer) > 

Oenothera biennis (night-bloomer) j 

Aug. 

10. 

66.76 

Three species 

July 

2. 

70.25 

Eleven „ ... 

May 

27. 

74.75 

Thirteen „ . . 

May 

30. 

79.25 

Fifteen „ .... 

June 

26. 

83.75 

Twenty „ 

June 29. 

88.25 

Thirteen „ . . 

July 

13. 

97.25 

Echinocactus Ottonis 

July 

15. 

106.25 

Oarlina acaulis 

Rept. 

1. 


The night -bloomers reach the maximum of ox})ansion at from 47.7r)<* 
to 61.25^ ; the day-blooiiiers from 79.25® to 88.25®. 

788. The temperature at \\hich all motion in the corolla ceases 
varies, as seen by tlie following list : — 

III three species, motion ceased at 74.75® F 


In three „ 81^75 

In fi\e ,, „ 88.25 

In four „ „ 92.75 

In se\cn „ „ 97.25 

In Commelina cade.stis „ 101.75 


Thus some flowxrs cannot bear a temperature of 71.75®, wdiilc others 
can endure a temi)erature of 100® and more. 

789. Plants, in ordinary circumstances, require the li^ht of the 
sun in order to awake from sleep, either directly by insolation, or 
indirectly by difliision in the atmo.sjdicre. Rome are so sensitive 
that they begin to expand tlie moment the sun's rays illuminate the 
higher regions of the atmosphere. As the intensity of light increases, 
the nnmher of sj>eeies which expand their blossoms increases. The 

2n 
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number of species increases as the hour a])proaches at wJiich insoiatioji 
(exposure to the direct rays of the sun) ceases. No blossom closes 
before the insolation begins, for even those flowers which usually close 
before mid-day remain for some hours open when cxj)osed to the 
direct rays of tlie sun. 

790.* h]x])Osurc to artificial light causes some flowers to cxi)and. 
The flowers of Crocus have opened under the light of an Argand 
lamp, those of Gcntiana verna ex])anded fully when exposed to the 
light of a gas-burner. Gloomy weather and rain cause flowers to 
close. Those which are very sensitive to such influences are called 
meteonc. There is a periodicity in flowering which is not easily in- 
temipted. If a plant is accustomed to flower in daylight at a certain 
time, it will still make an eflbrt to expand its flowers at tlie uonted 
time even when confined in a dark room ; showing that light is not 
the only cause of the expansion. De (^andolle made experiments on 
the eflects of light and darkness in flowering, lie kept plants in two 
cellars, one warmed by a stove and dark, and the other lighted by 
lamps. On some plants, as (\mvolvulus arvH^nsis and Cneorum, the 
artificial liglit had no effect ; they still folloued tlie clock hour in their 
opening and closing. Other plants expanded their blossoms slowly. 
Night-bloomers appeared disturbed both by perpetual light and perpe- 
tual darkness. In either condition they accelerated their movements 
so much that in (j days lla^y had gained half a day, and thus exchanged 
iiiglit for day as tla ir time of o})eiiiiig. 

791. As regards the connection between the colour of flowers and 
their expansion, Fritzsch says tliat yellow blossoms possess the strongest 
tendcTicy to contract and expand, then follow white, red, and blue. 
Of the species examined, the following are the relative numbers : — 


f Colour of 1 lower. 


No. of Spccic«j sliowinpr 
Mo\finenl8 of 1 lower 


Per (Vnt.'ijre of Species 

PYunuiicd. 


Yellow 

30 

42.5 

AVhitc 

22 

23.8 

Red 

10 

20.0 

Blue 

12 

12.0 


The following are tlie temperatures at wiiicli different-coloured flowers 
expand their blossoms : — 

Colour Temp, at winch >low'Cii Temp, at » Inch Flower* Tcrup. at which Flowei** 
Wake from Sleep attain Greateat Kjcpainioii. laise all Motion. 

White and Red 51.125^ . 75.(>r>” . 88.7*^ 

Blue and Yellow 51.1 . 78.8 f).3.fh5 

792. The direction and position of the flowers on their stalk a]>pear 
in some cases to be controlled by the sun’s rays. ’I’his is ])artieularly 
the case in Composite plants. The capitula of some of tJiem ai*e erect 
during the day, and droo]> at night. Species of IJypoeha[*ris are said 
to incline their beads towards the <]iiart<o' of the lieavens in which the 
snn is sliining. The name Sun-flower (Ilelianthus, (iirasole) was given 
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to a genus of Composite plants on account of the supposed influence of 
the sun on the direction of their heads.* In Victoria regia there is a 
spontaneous motion of tlie flower and the flower- stalk, the cause of 
which appears to be very obscure. It was observed by Paxton, and 
is thus described by the lion. Mr. Chitty, as having been seen by him 
and Dr. M‘Nab in Jamaica. On the 8th September at 6 a.m. the 
apex of the flower was seen pointing to the north-west. As it rose 
more above the water, it was seen gradually to wheel round by the 
west, and south, and north, to west again. The peduncle, which was 
several inches longer tlian was necessary to elevate the flower to the 
surface of the water, had now a spiral twist. At half-past 3 p.m, on 
the same day the flower was pointing north-west, while Mr. Chitty 
was inspecting it in that position, it suddenly and quickly w^heeled 
round Ihe quarter of a circle, nanjely, from north-wx*st to north-east. 
On ihe following day the same phenomenon was noticed, the flower 
being rolled from north-east to north. Idle phenomenon seemed to be 
connected with the spiral twisting of the peduncle, and probably may 
bo traced to the action of light and heat. 

793. M(dampynmi pratense, arvense, and s}lvaticum, according to 
Vaucher, turn their fh)wer& towards the light, which is not the case 
with Mclampyrum evihtatum. The flowers of some species of Nar- 
cissus incline towards the light by a double movement, that of the 
pedicel, which bends, and that of the peduncle, which twists. During 
maturation the pedicel and the capsule become erect, but the peduncle 
remains twisted. Occasionally movements of irritability are observed 
in ])etals. Morren observt'd them in the labellum of some Orchids, 
such as Megaclinium falcatum,-}* and they have been noticed also in the 
stalk of the labellum of Drakca clastica, which bends in a binge-like 
manner when irritated. The petals of Gentiaiia sedifolia close \vben 
touched. 


G. COLOURS OF FLOWERS 

794. The Colours of Flowers naturally attract the attention of all, 
and their varied hues are in an especial maimer an object of interest 
to the florist. These colours usually reside in the corolla, but in the 
case of many plants, especially Monocotyledons, they occur both in the 
calyx and corolla (perianth) ; and in some instances, as in Sahia and 
Amherstia, the bracts are highly coloured. The changes produced 
by culture on the colours of many plants are familiar to e\ory one, 
and they may be well illustrated in the case of the Tulip and Dahlia, 
the flowers of which arc naturally of a ^^ellow^ colour, but in the hands 
of the florist assume all varieties of red, white, aud }cllow. From its 
variable nature, colour is not taken much into account by the prac- 

* This turning to the sun has gi\en rise to the name of Girasolc Aitichoke (Uelianthus tnhe- 
rosus, a kind of Sunflowci)) and the name has been corrupted to Jerusaltm Aitichoke 
t Moircii, on Megarlmium falcatum, in Mdm dc I’Acad do Bruxillrs, x\ 
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tical botanist in the determination of the species of flowering plants. 
It is chiefly in Crypt oganiic plants, such as Fungi and Sea- weeds, 
that this character is regarded of value. It is probable, however, that 
too little attention has ])cen ])aid to tliis subject, owing to the want of 
an accurate nomenclature, such as has been adojded by Werner in 
the characters of minerals, llenslow long ago suggested a method 
by wliich a correct and comprehensive iioinenelatiirc might bo estab- 
lished for defining colours in plants. His scheme is a modification of 
one suggested by JMirbel, and consists in referring all natural colours 
to certain absolute tints or shades, determined according to fixed rules. 
TJius, lie refers all colours to diflerenl degi-ees of mixture between 
three colours called primary. They may be assumed, for instance, to 
be red, bine, and 3 ^ellow, or purple, orange, and green. If we take 
red, blue, and yellow, then a mixture of red and blue makes purple ; 
of red and yellow makes orange ; of bine and yellow makes green ; 
and innumerable binary compounds may be made by uniting the ])ri- 
inaries, two and two, in different proportions. Numerous shades also 
may be obtained between the deepest that can be found and the 
faintest, by diluting each colour to a greater or less extent. Thus, he 
divides a circle into three equal parts, and places blue, red, and yellow 
respectively in each of the divisions. Around this circle a second is 
described, and divided into six equal compartments, containing respec- 
tively the three primaries, and also those three biimries which are 
exactly intermediate between them, viz., orange (red and yellow), 
purple (blue and red), and green (blue and yellow). Another circle, 
containing tNvelve equal compartmentvS, is now described round the 
last, and in these are placed the last six colours, together with six 
new ones formed by uniting each contiguous ])air in the same way as 
before. Aiiotlier circle would contain twenty-four colours, and so on; 
eacli fresh addition being always formed from the combination of two 
contiguous colours in a former circle, and between which it is exactly 
intermediate ; and the whole ])eing reduced to a uniform shade in 
depth of tint.'' 

795. In this way every eonceivahle binary compound or pure 
colour might be formed. But as tiie colours in contiguous compart- 
ments will difler less and less fronj each other as the circles extend, 
Henslow thinks that a third circle of lw^el\e eoloui’s will be suflicient 

• Henslow remarks, If the three colours, purple (B + lU, oransfc (11 -f \), and green (B -f 
or any other three takt u at equal inteirals toutid n <iKh (onstiuctul on the aho\e piuuiple, had 
been assumed as our time jmiuaiies, and these had been eonibined two and two, should have 
obtained all the pure colours as heloie, and among them the tlirec former pumanes (blue, nd, and 
yellon under the rhai liter of biuan compounds This wdl he appatent, when we recollect that 
the union of three primaries sudi as hlue, red, and yellow (B + R -f Y), in equal proportions forms 
white light witli the colours of the bpertrum, and a giiy or neutial tint when material colours are 
employed 

Green Orange = fB -f- Y) -J- (R + ^ ) = (B -|-ll -f- Y) + \ = White -f- \ilIow— the latter giving 
the colour 

Orange -j- Purple z=(R-f- Y) (B-f- R) = (B U-|- Yj-j- = VMiiti -j- Rid, 

Green + Purple = (B -f Y) + 'B + 10 = (B -H R Y) + B = White + Blue 
— Iftnslow’s Piinnples of Ucsriiptue and Physiological Botany, p 195. 
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to give a series which can be easily appreciated, and these he calls 
fundamental or basial colours. They would stand thus — 

B = Blue. 

2 B 4- R — Bluish-purple or purplish-blue. 

B + R = Purple. 

2 R -f B “ Reddish-purple or purplish-red. 

R = Red. 

2 R + Y — Reddish-orange or orange-rod. 

R + Y ~ Orange. 

2 Y -f R — Yellowish-orange or orange-yellow. 

Y Yellow. 

2 Y + B — Qrcenish-yellow or yellowish-green. 

Y + B Green. 

2 B + Y = Bluish-green or greenish-blue. 

Henslow then proceeds to point out the importance of constructing a 
chromatometer or measurer of colours, on such })rinci])les as to enable 
the botanist to hfive a uniform standard to appeal to. There seems 
to be no doubt that this might be accomplished with benefit to 
science. The range of colours in species might thus be correctly 
defined, and an accurate nomenclature established, which is a great 
desideratum. 

796. We now proceed to consider the colours ])rescnted by flowers, 
and more especially the changes which they undergo by cultivation. 
These changes, although they appear to be endless, arc really limited 
in their extent. In reference to their colours, flowers are divided by 
De Candolle^ into two series — 1. Those liaving yellow for their type, 
and which are capable of passing into red and white, and never into 
blue. 2. Those having hhie for their type, and capable of passing 
into red and tv bite, but never into yellow. The first series is called 
Xanlhic^ the second Cyanic, The following is a tabular view of the 
two series, green being considered as an intermediate stale of equili- 
brium between the two : — 


Red 

Orange-red 

Orange 

Yellow-orange 

Yellow 

Yellow-green 


f Xanthie Series. 


Green. Colour of Leaves. 


Blue-green 

Blue 

Blue-violet 

Violet 

Violet-red 

Red 


Cyanic Series. 


* De Candolle, Pl)>8iolo(;ie Vcgctalc, ii 906. See also, Sehubler diid Funk, Untersuchungen 
ueber die Bluthenfarbcn, Tubingen, 1825. 
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Or the table may be given thus : — 


Green. 


Bluc-grecn 

Yellow- green 

Blue 

Yellow 

Blue- violet 

Yellow-orange 

Violet 

Orange 

Violct-red 

Orange-red 


Red. 


Green, which is made up of blue and yellow, is the centre whence the 
two series diverge, and they meet again in red.* It would appear 
that all flowers capable of changing colour, do so in general by rising 
or falling in the series to which they belong. Thus in the Xanthic 
series, the flowers of the Marvel of Peru may be yellow, orange-yellow, 
or red ; those of the Austrian Rose, orange-yellow or orjinge-red ; those 
of the Indian Cress vary from yellow to orange or orange-red ; those 
of the garden Ranunculus pass through every gradation in the series 
from red to green. In the (/yanic series, the Anemone varies from 
blue to violet and red ; the Hyacinth from green to red, through all 
the gradations ; Lithospermum purpuro-caernlcum, and many Bora- 
giiiaceap, from blue to violet-red ; the Hydrangea from rose colour to 
blue ; and the ligiilatc flowers of the China Aster from violet-blue to 
violet-rod and red. 

797. These rules cannot be said perliaps to be universally appli- 
cable. They appear, however, to be very general, and they are 
useful in enabling us to predict the possible varieties of colour in 
tlie flowers of the same s])ecies. To tljc Xanthic series belong 
Adonis, Aloe, Cactus, ('amellia, C^ytisus, Dahlia, Lysiinacliia, Mesem- 
bryanthemuin, (Enothera, Oxalis, J^>tentilla, J^anunculus, Rose, Tulip, 
Verbaseum, A(‘. As examples of the CHanie s(*ries may be mention(*d 
Anagallis, (’ampanula, Epilobuira, (ieranium, (Hobularia, Hyacinth, 
Phlox, Polemonium, Nemophila, Scilla, Mrica, Ac. Some exceptions 
occur to the rule laid doun : thus, A^hile Hyacinths are in general 
blue, red, or white, some varieties assume a pale yellowish hue ; the 
yellow Auricula of tlie Alps, although it does not become pure blue, 
exhibits occasionally a violet hue ; the flowers of IMyosotis versicolor 
change from yellow to pale blue. 

798. The original colour of the Tulip is yellow’, and although by 
cultivation it is made to assume all the varieties of colour in the yellow 
series, we do not find it becoming blue. Such is also the case with 
the common Dahlia and the Rose. No one has sneceeded in getting 
a blue variety of either of the latter. The Geranium, on the other 
hand, although it presents all shades of blue, red, and white, does not 
become yellow. There seems thus to be a certain limit in the range 
of colour which a species can be made to assume. These remarks 

* Morot, Rccherclies sur la Coloration des V6g^taia— Ann. des Sc. Nat. 8d Bcr. Bot. xni. 160. 
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apply only to the change of colour iii a given species. They will not 
apply in all cases to every species of a genus. Thus, while most of 
the Gentians belong to the blue series, and do not become yellow by 
cultivation, there is a yellow species of the genus (Gentiana lutea) 
which never changes into blue. Such is also the case in the genera 
Aconitum, Linum, Sonchus, (fee. Again, we find certain plants exhi- 
biting, in the same flower, blue and yellow colours. This is seen in 
Dendrobium sanguinolentum ; * also in Pansies, and in many other 
parti-coloured flowers, as in Convolvulus tricolor, and in species of 
Myosotis, which have a yellow zone round the corolline lube, while the 
upper part is blue. In these last mentioned cases each of the coloured 
portions of the flower vary in general only in their proper series — the 
part which is yellow never becoming truly blue, nor tlie blue yellow’. 
The florets of the ray of Compobite plants often exhibit blue coloui’s, 
while those of the disc are yellow. The law by which the changes of 
colour are regulated has not been ascertained, and it is impossible, in 
the present state of our knowledge, to predict what colour a florist’s 
flower will assume. The different rays of light have diflerent effects 
as regards colours. It would appear, also, that the nature of the soil 
sometimes alters colours. Thus, Hydrangea hortensis (Hortensia spe- 
ciosa) produces blue in place of pink flowers, 'when planted in some 
kinds of bog earth and of yellow' loam. 

799. The colours of flow^ors often a])pcar to depend on the state 
of oxygenation of the juices.*}- Ckudain flowers have a pale hue when 
first i)roducod, and change under the influence of sunlight : thus Cheir- 
anthus C'hamaileo has al first a whitish flower, tlien a citron-yellow, 
then red or slightly violet ; the petals of 8lyliflium fruticosum are pale 
yellow at first, then lightish rose-coloured ; the flowers of Ghiothera 
tetraplera are first whitish, then rose-coloured or nearly red ; the 
corolla of (V)hfca scandeiis is greenish- w hi te the first day, and violet 
the day following ; the flow’ors of Hibiscus mutahilis appear in the 
morning of a white colour, tow'.irds mid-day they become flesh-coloured, 
and at night they are red. The central i)ortion of the floral leaves 
(bracts) of llakea Victoria is during the first year yellowish-w'hite ; 
during the second, golden-yellow ; during the third year, orange ; and 
during the fourth, blood-red. The common pink Phlox is said, early 
in the morning, to have a lightish blue colour, wdiich alters as the sun 
advances, and becomes pink. Tlie colours of many Boraginaceous 
flowers are first pink and then blue. In Phaseolus C^aracalla the 
white changes to yellow, having originally been violet. Changes in 
oxygenation are said to cause these variations in the colours. In 
Phlox it has been sui)posed that some substance is present which 
becomes blue by the noA-eliniination of oxygen during the night; 

* BotanuHl Register, January 1843. 

1 The effoft of oxygenation on tlie flowers of plants is very maikcd thus the juice of Socotnne 
Aloes, when it exudes, is fiist Molet, and next becomes broun , so also tliat of CEnunthe crocata, 
which 18 flist colourless, then brown. Cerium Fungi (species of Boletus), when bruised, assume a 
blue colout fiom o\^gcllatlon of their juice 
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and as the oxygen is given out during the day, the blue colour dis- 
appears ; while the red, which had been partially discharged by the 
same cause, is restored as the oxygen is exhaled. 

800. Injury to the petals, during the process of decay, causes the 
colours of llowei*s to change. The white flowers of Camellia japonica, 
when bmised, assume a brown colour, in consequence of an alteration 
in their colouring matter, those of Bletia Tankervillem and of Calanthe 
veratrifolia change into blue. The yellow flowers of Melampyrum 
become black on diying, and so do the purple flowers of Lathyriis 
niger. I'lie yellow ligulatc flowers of Hieracium staticifolium, and of 
some other yellow (hchoraceous plants, and the yellow flowers of some 
Leguminosje, such as Lotus, become greenish -yellow on drying; the 
blue flowei’s of Tpomoea Lcaiii in drying become red, while those of 
Campanula become whitish. 

801. 1’he colours of flowers depend on a substance different from 
chlorophyll. The colouring matter is usually of a fluid nature, and 
has not the composition of chlorophyll. The colours are, however, 
influenced by light, although in difierent ways. Marquart thinks 
that there is a peculiar matter called Anthocyane or Anthokyan, which 
is th(‘ colouring matter of blue, violet, and red flowers, and another 
called Anthoxantliin, tlie colouring matter of yellow flowers. Orange 
tlow'ers contain both. Feeble acids colour anihocyan violet, while 
energetic acids colour it red. C\>nccutratcd sulphuric acid colours 
arithoxanthiu iudigo-hlue and then pur])lc, by taking awuiy the elements 
of w’ater.'* 

802. Professor ITopef made e\})erimenls on the coloured and 
colourable matters of the leaves and flowers of plants. He thinks that 
there resides in the same jjarts of jdants, in addition to the chromnlo 
or coloured matter, some substance probably destitute of colour, wdiich 
becomes red by the action of acids, and yellow or green hy the action 
of alkalies. This substance he denominates diromogen, and he con- 
siders it as consisting of two distinct priiici))lcs, one which forms the 
red eom])oiind with acids, and wLich lie calls lOrythrogen ; and another 
which affords a yello\v compound witli alkalies, which ho calls Xan- 
thogen. Leaves, in addition to green chromule or chlorophyll, contain 
Xanthogen, and some of them (excepting those which liave some lint 
different from tlie gi-cen), contain Erythrogen. Wliite flowers contain 
Xanthogen, but no Erythrogen ; such is also the case generally with 
yellow flowers, while red and blue Iknvers contain both Xanthogen and 
Erytlirogen. Litmus is a solitary examjde of a substance abounding 
largely in Erythrogen, Imt containing no Xanthogen. 

803. In 1831, Kohler, of Tubingen, published an Inaugural Dis- 
sertation, in which he gave the results of some investigations made 

* Marquart, Die f'arben der Blutlieii, Bonn. 1835. On tlie Colours of yiowcrs— -Edm. New Phil. 
JouMi. XX. 429. 

t Hope, OliservntioUB on the Coloured and Colourable Matters iii the Leiwes and Flowers of 
Plauta->-ProceedtD(;B of the Koy. Sor of Edin 21 st March 18.36 Also Ellis's description of a Plant 
Chic, in Tioudoii’s Gardener’s Maga/ine, xv 495 
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by himself and Schubler, relative to the colour of the flowers in 
different families of plants. They examined the relations of the 
flowers of 4200 plants belonging to 27 different natural orders and 
tribes, of which 20 were dicotyledonous and 7 moiiocotyledonous. The 
dicotyledons belonged to orders and tribes represented by the follow* 
ing genera: — Jasmine, Nightshade, Gentian, Borage, Heliotrope, 
Jjysimachia, Primrose, Polemoiiiiim, Convolvulus, Harebell, Violet, 
Butterworl, Vine, Madder, Rose, Ranunculus, Poppy, Water-lily, Fig- 
wort, Wallflower. The monocotyledfms belonged to orders and tribes 
represented by the following genera : — Lily, Hemerocallis, Amaryllis, 
Squill, Iris, Smilax, and Indian-shot. The monocotyledons examined 
had generally a greater tendency to flowers of the white and yellow- 
red series of tints than the dicotyledons, while blue flowers were more 
frequent in the latter. 

804. The following table is given of the distribution of colours in 
these natural orders : — 


Colour of 

In 4200 

Mean ot 

Colour of 

In 4200 

Mean of 

1* lower 

Spot u s. 

lOOO. 

1 low er 

Species. 

1000, 

White 

. 111)3 

. 281 

Green 

153 

36 

Yellow 

951 

. 220 

Orange 

60 

12 

Red 

923 

220 

Brown 

18 

4 

Blue 

594 

. 141 

Black 

8 

2 

Violet 

307 

73 





Hence it would appear that in the species examined, white was the most 
extensively distributed colour ; and that among the other coloured 
florveis, y^^llow, red, and blue were of more frequent occurrence than 
the thre(‘ intemicdiate tints (violet, green, and orange). Of the three 
primary colours, yellow was most abmidant, blue the rarest, while of 
the three irjtermediate colours violet was the most frequent. It is 
doubtful whether a tnily black colour exists in flowers. The darkest 
tints, as in the flower of the Bean, are of a deep brown hue. 

805, Different colours prevail in different natural orders, as seen 
by the following table : — 


100 SPKCIJ s 

White. 

Red. 

Violet. 

Blue 

Green 

Yellow 

Orange, 

Water-lily family . 

46 

11 



14 



28 



Rose „ 

40 

32.2 

0.5 

— 

— 

r)2.iJ 

— 

Borage „ . . 

35 

10 

9 

28 

3 

13 

0.5 

Primrose „ 

27 

41 

4 

6 

1.5 

15 

9.7 

Convolvulus „ 

27 

39 

10 

12 , 

— 

7 

2.4 

Ranunculus „ 

19 

16 

4 

15 

2 

42 

0.5 

Campanula „ . . 

10 

5 

21 

58 

— 

3 

0.7 

Poppy „ . . 

7 

38 

1 

9 

1 


—— 

36 

7 


Thus th(‘ Water-lil\ and Rose families contained the greatest number 
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of white-flowered species, the Poppy and Campanula tribes the fewest. 
Primroses and Convolvuluses wore richest in red, (Campanulas in blue, 
and Kanunculnses in yellow. 

806. It would a])pear that certain districts are occasionally charac- 
terised by the prevalence of flowers of a particular colour. It is said 
that in New (Tuinea and Pa]>ua there is a great proportion of white 
flowers. Hinds says that out of 50 species examined by him there 
were 12 blue, 23 yellow, and 15 white. Hrown and yellow Papilio- 
nacefe abound in many parts of Australia. In Central America, 10® 
north latitude, and in a similar parallel to New Cfninea, the series of 
colours, according to Hinds, were 12 blue, 30 yellow, and 8 white ; 
and in a high northern latitude, 57®, there were 26 blue, 13 yellow, 
and 11 white. 

807. The arrangement of coloured flowers in the parterre is a 
matter deserving the attention of gardeners.* Chevreul has written 
very fully on the subject. He states that an important principle is to 
combine such colours as produce white light. Thus red, blue, and 
yellow form, by their union, a white ray. Hence flowers of these 
colours may be, witli propriety, placed together ; or a flower of one of 
these piimary colours may be combined with one whose colours is 
made up of the other two in the shape of a binary compound. Thus, 
red cagrees well with green, >\hich is made up of yellow and blue. 
This may bo seen in th(‘ case of the scarlet Pelargonium, where the 
colour harmonizes with its own green leaves, or with the green of 
other plants around it ; so also in the case of red Dahlias. Again, 
blue harmonizes with orange compounded of yellow and red, as may 
be illustrated by a combination of the lh*achyeome iberidifolia witli 
Erysimum Perofskianum, Yellow harmonizes wdth violet, composed 
of blue and red, as seen in the petals of ]\ansies. 'Fo produce the 
best eflcct the colours should be as nearly as possible of the same 
tone. 

808. In cases where colours do not agree, placing wdiite between 
them restores the eflect. White is said to come in best in the com- 
plimentary arrangement of bliu* and orange, and Avorst in that of yellow 
and violet. The primary colours, red, yellow, and blue combined in 
pairs, give a better effect than a combination of one primary colour 
with one binary colour containing that primary one. 


Thus, Red and yellow are better than Red and orange. 


Yellow and blue 
Blue and red 
Red and blue 
Blue and yellow 
Yellow and red 


Yellow and green. 
Blue and violet. 
Red and violet. 
Blue and green. 
Blue and violet. 


Where a primary colour, and a binary one containing the primary are 
combined, the brighter the tint of the binary the better. 

* M'intoflii, Book of the Garden, i, 693. 
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809. Chevreui has given the following illustrations of the mcfde of 
arranging flowers as regards their colours : — 

1. White Arabis, Saxifraga crassifolia, and Caucasian Doronicum. 

2. Saxifrage, Doronicum, Arabis, and Purple Honesty. 

3. Blue Hyacinth, yellow Narcissus, repeated ; or Hyacinths alone, white 

and red repeated ; or white, blue, white, red, &c., repeated. 

4. Iberis sempervircns, and Alyssum saxatile repeated ; Iberis, Phlox varia 

(purple). Anemone pavonina (red), or Anemone appenina (sky-blue). 

5. White and blue Periwinkles, white and blue Violets, mixed along with 

common Anemones. 

6. Cydonia Japonica, rising as a bush in a bed of Violets. 

Kemp says that to produce strong and striking effects there must not 
be merely a tolerable collection of plants mixed together and disposed 
so as to give variety and contrast of colour, but groups of particular 
kinds should be planted in ])ermanent places.* 

810. Dr. Hope examined the eflect of siil])burous acid on the 
colours of flowers. It did not affect white flowers, nor did it decolorize 
any of the yellow flow^ers submitted to its action ; of thirty or forty 
red flowers it decolorized all, with the exception of two or three ; of 
twenty blue flowers only tvv^o, (^ommelina ca?rulea and Centaurea 
Cyanus (Fig. 392, p. 103), resisted its blanching powers. It decolor- 
ized some of the orange-coloured flowers, but rendered others of them 
of a bright yellow; it decolorized all the pur])lc flowers that were 
tried, except purple Centaurea Cyanus, which it rendered blue, and 
purple Scabiosa atro-purpurea, wdiich it reddened.^ 


7. OUOUKS OF FLOWERS. 

811. The odours of flowers, as well as their colours, vary mueb.j 
The sources of odours in flowers are very obscure. Tliey are often 
traced to the presence of fragrant volatile oils or resins. The effluvia 
are of such a subtle nature as to elude chemical analysis. ^I^iey are 
usually developed under the influence of sunshine, but in certain in- 
stances odours are emitted during the absence of light. Rome flow^ers 
are only odoriferous in the evening. This is the case wdth Cestrnm 
nocturijum, wdth several species of Catasetuin and Cymbicliuni, and 
with Lychnis vespertina. Certain flow^ers, such as Hesperis tristis, and 
Nyctaiitlies arbor tristis, receive their specific names (tristis, sad) 
from giving out their fragrance only at night. Morren states that 


* Krmp, on the laying; ont of a small garden. 

t Hope, on Coloured and Colourable Matters in Flowers— rroceedings of Edin. Hoy. Soc. March 
21, 1836. Sulphurous acid, whether employed in its gaseous or liquid foim, did not decolorize the 
chlorophyll of leaves. 

X Tlie study of the odour of flowers has received the name of Osphresiology. — See Cloquet sur les 
odeurs, Pans, 1815. 
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the flowers of Haheuaria hifolia, near Liege, which are quite scentless 
during the day, give out a pleasant penetrating aroma in the evening, 
usually about 11 p.m. He found that the perfume manifested itself at 
twilight, exhibited the greatest energy at tlie time when the darkness 
of night prevailed, and decreased witli the dawn. Two racemes of 
flowers of this Orchid were i)laced in two cylindrical glasses filled with 
water, in which the i)lants were totally submerged. One glass was 
place(I in the siui, the other in the shade. As evening came on a de- 
licious aroma became evid(*nt, and was emitted during the night, but 
disappeared at sunrise. Tliis leads, Morren thinks, to the conclusion 
that the odour depends on some physiological cause, and not on eva- 
poration of particles, nor the accumulation of them in the parts of the 
plants where they have their origin. He found that aromatic Orchids, 
such as Maxillaria aromatica, lost their perfume in half an hour after 
the application of the pollen had been artificially made, and that the 
unfertilized flower retained its odour long. According to Recluz, the 
flowers of a plant called by him Oacalia se])tentriomilis are odcuiferoiis 
when the sun shines upon them, but when the sun’s rays are inter- 
cepted by artificial means, even by interposing the hand, the odour 
disappears. The odour returns when the sun’s rays are admitted.* 

812. Trinchiiiettif divides odoriferous flowers into two classes : — 

1. Those in which the intermission of odour is connected with the opening 

and closing of the flower, and in this class there arc two sub-divisions. 

a. Flowers which are closed and scentless during the day, and are 
open and odoriferou.s at night ; such as Mirabilis Jalupa, M. 
dichotoma, M. longiflora, Datura ceratocaula, Nyctanthes arbor 
tristis, Cereus grandiflorus, C. nycticalus, C. Bcr}>entinus, Me- 
sembrjanthemum noctitloruiu, and some species of Rilene. 

Flowers which arc closed and scentless during the night, and are 
open and odoriferous during the day ; such as Convolvulus 
arvensis, Cucurbita Pepo, Nymphica alba, and N, cacrulea, 

2. Flowers which arc always open, but which are odoriferous at one time and 

scentless at another Under this class there arc two sections. 

a. Flowers always open, and only odoriferous during the day ; such 
as Oestrum diurnum, Coronilla glauca, and Cacalia septen- 
trionalis. 

/>. Flowers always open, and only odoriferous at night ; such as Pel- 
argonium triste, Oestrum nocturuum, Ilesperis tristis, and 
Gladiolus tristis. 

813. The exudation of odours by nocturnal flowers sometimes takes 
place in a peculiarly intermittent manner. Thus in the night-bloom- 
ing Oereiis (Cereus grandiflorub) the flowers arc fragrant only at inter- 

* Reclaz, de I’effet dc8 rnyons solaires 8u> 1« fleiu du Caraba Beptpntrionabs- Journal de Pliar- 
macie, 1827, p. 216. 

t Tnnchmctti, de odonbus Florum— Nule Morren, Rapport sui le Mdmoirc dc M Tnnchinctti 
Acad. Roy. de Bruxclle8,tom. vi 
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valfl, giving out puffs of odour every half hour, from eight in the 
evening till midnight. Morren states that on one occasion the flower 
began to expand at six o^clock in the evening, when the first fragrance 
was perceptible in the hot-house. A quarter of an hour afterwards 
the first puff of odour took place, after a rapid motion of the calyx ; 
at 6.23 there was another powerful emanation of fragrance ; by thirty- 
five minutes past six the flow^er was com- 
pletely open ; at a quarter to seven the 
odour of the calyx was the strongest, but 
modified by the j)etals. After this time I he 
emanations of odour took place at the same 
periods as before.’* The odours of flowers 
have frequently ])eculiar effects on nervous 
individuals, particularly when the odours 
are coimected with the presence of hydro- 
cyanated oils. The odour of some flowers 
is remarkably overpowering, and that of 
others, such as Stapelias or Carrion flowers (Fig. 1176), is very 
offensive. 

814. Observations have been made by Kohler and Schubler in 
regard to odoriferous flowers, as occurring in species belonging to the 
natural orders already noticed wdien speaking of colours. They have 
arranged the coloured flowers which they examined according to their 
odoriferous qualities, and according to the nature of their odours : — 



j COLOUR 

*>pCCHS 1 OdoilftlOUB 1 

Odours 

ngietablc 

Odoui 8 
disagK cable 

White 

1103 

187 1 

175 

12 

1 Yellow 

951 

75 1 

1 

14 

Red 

923 1 

85 

76 

1 9 

1 Blue 

594 

31 

23 

1 7 

Violet 

307 

23 

17 

6 

1 Green 

153 ' 

12 

10 

2 

1 Orange 

50 

3 

1 

2 

’ Brown 

1 


1 

0 

1 


Of the white- flowering plants examined a large number were odorife- 
rous, {ind the great majority of the odours vere agreeable; while of 
the orange and brown-coloured flowers a smaller })ro])orlion were 
odoriferous, and the odours were generally fetid. Tiie Monocotyle- 

Pig. ^ 170 One of the Carrion flow era (Stapelia tartet/ata), htlongin^j to tlie natuial older Aaclepia- 
dacen It rrc< lies its English name on account of the fetid odoui of its daik brown floi^ers. The 
odour Httini ts flies 

* Morren, ^Ohseivutiuiis sur I’Anatonue et la Phjsiologic de la fleiir du Ceicus giandifloms, m 
Bull de I’Acad. Roy de BriixHlrs, tom \ Ste also Fleming on the Temperatuie of the Seasons, p *^3 
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1SATUR.VL FAMILY 

Prevmlmg Colours 

Odoriferous 
Flowers 
per cent. 

Water-lily family . 

White and yellow' 

22 

Rose „ . . 

Red, 3 ’^ellow, and white 1 

1 13.1 1 

Primrose „ . . 

1 White and red 

12.3 j 

' Borage „ . . 

Blue and white ' 

5.9 

Convolvulus „ . . 

Red and white 1 

4.13 

Ranunculus . . 

Yellow 

4.11 

Poppy „ . . 

Red and yellow i 

2 

Campanula „ . . 

Blue 1 

1.31 


81. j. Recapitulation of tlie principal points conncctcMl with tlie 
functions of the floral envelo 2 )es : — 

1. The lloral envelopes which aic ot a ^iccn colour perform the same functions as leave* 
— (Iccomposiiuj c.'irbonic acid and gi\ing out oxygen. 

2 The bright* coloured dor*fl envelopes, along with the receptacle, usually evolve car- 
bonic a< id. 

3. The ‘'t.uch stored up in the corolla and ie( cptaclc* U converted into grape-sugar. 

4. While this change is taking place in the staich, oxygen is absorbed, and carbonic 

acid is exhaled. 

Single floever^ absorb more oxygen than double floAx-rs, on aiTount of the ]»reseuce 
of the oigaiib ot reproduction, more especially ot the staniens. 

<». Flowers, at the time w hen the essential orgams are fully developed, out a cer- 
tain amount of licat, Avhich is due apparcmtly tc» chemical changes going on in 
the cells. 

7 In ordiiiarj’ cases the heat is carried otF r.ipidly by the air, and cannot be easily 
detected. 

8. But in the case of certain plants, especially spec ies of Aracca^, the elevation of tem- 
perature is veiy marked, the maximum var^ ing from 10“ to 50“ F, or more above 
the surrounding air. 

l>. The maximum of temperature in tlie Aracea* occurs at different periods of the day — 
frequently between 3 and 6 i*.m. 

10. The temperature bears a relation to the quantity of oxygen consumed, as well ns to 

the carbonic acid evolved. 

11. The phenomenon of the production of heat reejuires the jiresencc of oxygen. It is 

not exhibited when the ])lant.s are placed m nitiogeu or carbonic acid gas, nor 
when the parts arc covered with oil. 

12. The periods of flowering vary, and hence plants arc divided into annual, biennial, 

and perennial. 

13. When flowering takes place after having been long delayed, either naturally or 

artificially, it frequently proceeds with great vigour and rapidity. 

14. Injuries done to plants often cause them to flower. 

15. The different periods of the year at which plants flower have given rise to the con- 

struction of floral calendars. 



CONNECTED WITH THE PHYSIOLOGY OF FLOWERS. 549 

16. The climate of different countries and the nature of the seasons may be in some 

degree determined by the florescence or flowering of certain species of plants. 

17. The registration of such periodic phenomena is important in botanical geography. 

18 . Plants expand their flowers at particular periods of the day, and hence floral clocks 

have been formed in which the hours are marked by the flowering of ceitain 
species of plants. 

19. The vigils of plants, or their sleeping and awaking, depends in a great measure on 

temperature and light. 

20. Some flowers are diurnal or day-bloomers, opening during light, others are nocturnal 

or night-bloomers, opening at night. 

21. Tlie mean duration of sleep in plants is about 12 or 14 hours. 

22. The state of the expansion of the corolla varies in different instances, and the tem- 

perature required in day and night-bloomers for the maximum expansion is diffe- 
rent. 

23. Artiflcial light will cause the expansion of certain blossoms. 

24. Meteoric flowers are those which close during cloudy or wet weather. 

25. Differently coloured flowers seem to possess different degrees of irritability. Yellow 

are said to possess the strongest tendency to close and expand, then follow white, 
red, and blue. 

20. The position of flowers on the stalk is sometimes influenced by the light of the sun. 
At other times there seems to be a peculiar twisting of the peduncle and turning 
of the flower, which cannot be traced to direct solar influence or insolation. 

27. The colours of flowers have not been well defined, and there is necessity for a good 

nomenclature of plant-colours. 

28. Colour is not employed in botiinical characters, except in some of the lover tribes of 

plants. 

29. The coloiu-b of flowers are ranged in two series— the Cyanic or blue, and the Xan- 

thic or yellow. 

30. Each of the series diverges from green as a centre, and after passing through diffe- 

rent shades of colour, they unite again in red. In both the series red and white 
occur. 

31. A species belonging to the blue series may exhibit all shades of white, purple, and 

violet, but it does not become pin c jellow. A species belonging to the \ellow 
series may exhibit all shades of white and orange, but it does not become pure 
blue. 

.32. This law' refers to single species, and not to the different species of a genus, some of 
w’hii li may be yellow, and others blue. 

33. Parti-coloured flowers exhibit colouis in both series, but the colours in such eases 

are usually defined, and do not ch.inge into each other. 

34. The arrangement of coloured flowers in the garden, so as to produce hannony, is of 

importance. The complementary colours, or those required to make up white 
light, such as blue, yellow, and red, contrast best. White often relieves the effect 
w'hen there is a want of hannony. 

;J5. The chromule or colouring matter of flowers differs from chlorophyll, and it is sup- 
posed by some to l>e formed of two colourable principles, one being the colour- 
ing matter of yellow flow'ers, and the other that of blue and red flowers. 

36. There are certain prevailing colours in different natural orders, and the flora of a 

district or country is sometimes maiked by the prevalence of certain colours. 

37. The odours of flowers vary much, and depend on very subtle matters beyond the 

determination of the chemist. 

its. Some plants give out their odour-* during day, others duriiignight ; and occasionally 
the odours are given olT in puffs at short intervals. 

39. The colours of flowers appear to be in some way associated wdth odours. Dark 

brown floAvers have often a very disagreeable odour. 

40. Some natural oiders contain many odoriferous species, otliers do not contain any. 
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11. FUNCTIONS OF THE ESSENTIAL ORGANS OF 
REPRODUCTION. 

L BRIEF HISTORICAL SKET(HI OF THE SUBJECT » 

816. The idea of the existence of separate sexes in plants was 
entertained in early times, long before separate male and female organs 
had been demonstrated. The production of Dates in Egypt, by bring- 
ing two kinds of flowers into contact, proves that in very remote 
periods some notions were entertained on the subject. Female Date 
Palms (Fig. 1177) only were cultivated, 
and wild ones were brought from the de- 
sert in order to fertilize them. Herodotus 
informs ns that the Babylonians knew of 
old that there were male and female Date- 
trees, and that the female recpiired the 
concurrence of the male to become fertile. 
This fact was also known to the Egyp- 
tians, the Phcenicians, and other nations 
of Asia and Africa. The Babylonians sus- 
pended male clusters from wdld Dates over 
the females ; but they seem to have sup- 
}>osed that the fertility thus ))roduced 
de})ended on the presence of small flies 
among the wild flow’crs, whicli, by enter- 
ing the female flowers, caused them to set 
and ripen. The process w'us called palmi- 
fieation. A similar statement was made 
in regard to the Fig. The process of 
caprification, or bringing wdld Figs in con- 
tact with cultivated ones, so as to cause 
the latter to ripen soon, is mentioned by Aristotle, who observed that 
a certain insect was generated on the flowers of the Fa}»ritig (wild 
Fig), which, having become a fly, entered tlie unrij)e fruit of the 
domestic Fig, and caused it to set.-j* Thco])hrabtus,J who succeeded 
Aristotle in his school in the 11 4th Olympiad, frequently mentions 
the sexes of plants, but he does not ap])ear to have determined the 
organs of reproduction. ]^liny,§ who flourished under Vespasian, 

i'jg. 1177. Date Palm [Pheentx dactijhfem), bL<iriii{' liuit at the upper puit of the btem, uliere 
tlie crown of leaves is formed. 



* lor full details connected with the histoiv of J.nihrvofreny up to 1770, &(( Alston’s Dissertation 
on the Sexes of Plants, in Jb.din. Physical mid Inltrary Kssajs mid Obseivations, i. 228. 

•f Oasparnni, on the Cnpn/ication of the Jbifr, trmislatid 111 .Touin Unit Soc Ixind. lu. 185. 
t Theophrastus, J>c Tlistona et dc Cuusis Plaiitmuni, lib. i r. 22, ii. r. 8 and !>, and iii. e. t>. 
i riiniuB, Tlist Naturahs, lib xiii r 4, 
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speaks particularly of a male and female Palm, but his statements 
were not founded on any real knowledge of the organs. From 
Theophrastus down to Csesalpinus, who died at Rome in 1603, there 
does not appear to have been any attention paid to the reproductive 
organs of plants. Csesalpinus* had his attention directed to the sub- 
ject, and he speaks of a halitus or emanation from the male plants 
causing fertility in the female. 

817. Grew, in a paper on the Anatomy of Plants, read before the 
Royal Society in November 1676, seems to have been the first who 
really observed the functions of the stamens and pistils. Up to this 
period all v^as vague conjecture. Grew speaks of the attire^ or the 
stamens, as being the male parts, and he mentions having spoken of 
the subject to Sir Thomas Millington, Savilian Professor at Oxford, 
who entertained the same opinion. Grew says that “ when the attire 
or apices break or open, the globules or dust falls down on the seed- 
case or uterus, and touches it with a prolific virtue ; not by entering 
bodily, or as to its gross substance, but only by communicating to it 
some subtile or vivific effluvia, Rayf adopted Growls views, and 
states various arguments to prove their correctness in the preface to 
his work on European Plants, published in 1694. In 1694, Came- 
rarius,§ Professor of Botany and Medicine at Tubingen, published a 
letter on the sexes of plants, in which he refers to the stamens and 
pistils as the organs of reproduction, and states the difficulties he had 
encountered in determining the organs of Cryptogamic plants. In 
1703, Mr. Samuel Morland,|| in a paper read before the Royal Society, 
stated that the farina (pollen) is a congeries of seminal plants, one of 
which must be conveyed into every ovum or seed before it can become 
prolific. In this remarkable statement he seems to anticipate in part 
the discoveries afterwards made as to pollen tubes, and more particu- 
larly the views promulgated by Schleiden. In 1711, Geoffroy,^ in a 
memoir presented to the Royal Academy at Paris, supported the views 
of Grew and others as to the sexes of plants. He states that the germ 
is never to be seen in the seed till the apices (anthers) shed their dust ; 
and that if the stamina be cut out before the apices open, the seed will 
either not ripen, or be barren if it ripens. He mentions two experi- 
ments made by him to prove this — one by cutting off the staminal 
flowers in Maize, and the other by rearing the female plant of Mer- 
curialis apart from the male. In these instances most of the flowers 
were abortive, but a few w ere fertile, which he attributes to the dust 
of the apices having been wafted by the wind from other plants. 

818. Liiinteus was the next botanical author who took up the sub- 
ject of the sexes of plants, and he may be said to have opened a new 

* CeeBalpinus, Do Plantis, lib. i. c 3 t Grew, Anatomy of Vegetables, p. 171. 

t Ray, Ilistona Plantamm, p. 16 ^ Cameranus, Epistola dc Sexu Plantaniin, Tubing. 1694. 

11 Morland, Observations on the parts and use of the Flower in Plants— Phil. Trans, for 1703, 
xxu. p. 1474. 

II Geoifroy, Observations sur lu Structure et PLsagedes principales parties dos Fleurs, 
de PAcad Roy. I'ranc. for 1711, p 272 
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era in the history of Botany. He first published his views in 1736, 
and he thus writes — “ Antheras et stigmata constituere sexum plan- 
tarum, a palmicolis, Millingtono, Grewio, Rayo, Camerario, Godofredo, 
Morlando, Vaillantio, Blairio, Jussievio, Bradleyo, Royeno, Ijogano, 
<fec., detectum, descriptum et pro infallibile assumptum ; nec ullum, 
apertis oculis considerantem cujuscunque plantae flores, latere potest/’* 
He divided plants into sexual and asexual, the former being Phanero- 
gamous or flowering, and the latter Cryptogamous or flowerless. In 
the latter division of plants he could not detect stamens and pistils, 
and he did not investigate the mode in which their germs were pro- 
duced. lie was no physiologist, and did not promulgate any views 
as to the embryogenic process. His followers were chiefly engaged in 
the arrangement and classification of plants, and while descriptive 
Botany made great advances, the physiological department of the 
science was neglected. His views were not, however, adopted at once 
by all, for we find Alston stating arguments against them in his Uisser- 
tatioii on the Sexes of Plants. Alston’s observations were founded on 
what occurred in certain unisexual plants, such as Mercurialis, Spinach, 
Hemp, Hop, and Bryony. The conclusions at which he arrives are 
those of Pontederaj-f- that the pollen is not in all flowering plants 
necessary for impregnation, for that fertile seeds can be produced with- 
out its influence.^ 

819. Soon after the promulgation of Linmeiis’ method of classifi- 
cation, the attention of botanists was directed to the study of Orypto- 
gamic plants, and the valuable work of Hedwig on the reproductive 
organs of Mosses made its appearance in 1782.§ He was one of the 
first to point out the existence of certain cellular bodies in these plants 
which appeared to perform the functions of reproductive organs, and 
to them the name of antheridia and pistillidia were given. This 
opened up a new field of research, and led the way in the study of 
Gryptogamic reproduction, which has since been much advanced by 
the labours of numerous botanical enquirers (p. 321, note). 

820. The interesting observations of Morland, already quoted, 
seem to have been neglected, and no one attempted to follow in the 
path which he had pointed out. Botanists were for a long time con- 
tent to know that the scattering of the pollen from the anther, and its 
application to the stigma, were necessary for the production of perfect 
seed, but the stages of the ijrocess of fertilization remained unexplored. 
The matter seemed involved in mystery, and no one attempted to raise 
the veil which hung over the subject of Embryogeny. The general 
view was, that the embryo originated in the ovule, which was in some 
obscure manner fertilized by the pollen. 

* Linncpus, Systema Natuw, 1748, p. 216, Philosophia Uotanica, 1751, p. 91 , Viil. etiam Walil- 
bom, Sponsalia Flantaruni, in Linn. Ani(rii. Acad. i. 61-169. 

i Pontedera, Anthologia. 

t Alston, in Physical and Literary Essays, i. p. 318 

i Hedwig, Fundamentum Hist. ^at. Muscorum Iroudosoiuni, Ltpsine, 1782, Tlicon.i General loms 
p 1 Krurtificationis Plantaruni CryptogHniioaniin, Pcfropoli, 1784, et Lipsinr, 1798 
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821. In 1815, Treviranus* roused the attention of botanists to the 
development of the embryo, but although he made valuable researches, 
he did not add much in the way of new information. In 1823, 
Amici f discovered the existence of pollen- tubes, and he was followed 
by Brongniart J and Brown.§ The latter traced the tubes as far as 
the nucleus of the ovule. These important discoveries mark a new 
epoch in Embryology, and may be said to be the foundation of the 
views now entertained by physiologists, which have been materially 
aided by the subsequent elucidation of the process of cytogenesis, or 
cell- development, by Schleiden, Schwann, Mohl, and others. The 
whole subject has been investigated recently with great assiduity and 
zeal by physiologists, both as regards Cryptogamous and Phanero- 
gamous plants. The formation of germinal vesicles in the ovule, and 
the development of the embryo in flowering plants, have been fully 
considered by Schleiden, Mirbel, Mohl, and others ; the embryogenic 
process in Coniferous plants and in the higher Cryptogams by Hof- 
meister, Suminski, and Mettenius ; and that of the lower Cryptogams 
by Thuret, Decaisne, and Tulasne. We have thus been enabled to 
come to certain general conclusions on this obscure subject, and future 
observers have been directed in the proper path of investigation. 


2 . SEXUALITY OF PLANTS. MATURATION OF THE ORGANS CON- 
CERNED IN REPRODUCTION; AND ('HANGES PRECEDING 
THE DEVELOPMENT OF THE EMBRYO. 

822. In flowering plants the organs concerned in reproduction are 
the stamens and pistils, while in flowcrless plants, organs called an- 
Iheridia and archegonia, as well as peculiar cells, exist, which appear 
to perform this function. As regards the former class of plants, many 
proofs have been given that Ihe pollen discharged from the anthers 
must be applied to llie stigmatic surface of the pistil in order to pro- 
duce perfect seed. Among the best evidences of the functions of the 
stamens and pistil in flowering plants, are those derived from species 
in which these organs are separated, and in which, w^hen contact is 
carefully prevented, no seed is produced. A Palm (Chanifcrops 
humilis, var, elata) which still exists at Leyden, || and which, in the 
days of Clusius, produced pistilliferous flowers but no fmit, was impreg- 
nated by pollen from a staminiferous plant, and immediately perfected 


* Tre\iranuB. von der Entwicklunp des Embryo, &c. Berlin, 1815. 

t Amici, Observationa Microscopiques sur le Pollen— Atti della Soc. Italian, xix., trad, in Ann. 
des Sc. Nat. Ist ser. li. G6. See also Amici, sur la Mode d’Action du Pollen sur le Stigmate, in Ann. 
dcs Sc. Nat. Ist scr. xx. 329. 

J Bronguiart, M6ni. sur la G^n^ratiou et le P6veloppcment de I’Embryon dans les V^gdtaux 
Phanerogames, in Ann. des Sc. Nat. Ist ser, xii. 14, 145, 226. See olsoxxiv. 113. 

i Brown, on the Organs and Mode of PecUndation m Orclude® and Asclcpiadem, in Linn. Trans, 
xvi. 086. 

II This Palm is upwards of 260 years of age, and is noticed and figured by Pr Neill in las Horti- 
cultural Tour ill Holland, &c. p. 160. 
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seed. Similar observations have been made in Edinburgh upon the 
same species of Palm, as well as on the Pitcher-plant (Fig. 1178). 
In plants such as Cucumbers, gardeners are well aware of the neces- 
sity of applying the male to the female flowers in order to get fruit ; 
and the production of hybrid plants, by applying the pollen of one 
plant to the pistil of another, is also an evidence of the uses of these 
organs. Experiments of this kind require much caution to avoid 
fallacy arising from pollen being wafted from a distance, so as to cause 
female plants to produce fruit. Moreover, it sometimes happens that in 
plants usually producing pistilliferous flowers only, stamens are deve- 
lojxid. 2'his has occurred frequently in Chiimscrops humilis, va?\ elata, 
the arboresceiitform of the European Fan Palm, in the Edinburgh Botanic 
Garden. Such a case might have been considered, by careless observers, 



Fig. 1178. 


Fig. 1179. 


hg 1180. 


as an instance of a female plant producing fertile seed without the. action 
of pollen. When flowers are comjdctely double, that is, when the sta- 
mens and pistils are entirely converted into petals, no seed is produced. 
Occasionally, however, in flowers apparently double, a single stamen 
may exist, with sufficient pollen to fertilize the plant, or the pistil may 
be perfect, so that pollen from other plants may affect it, and lead to 
the production of perfect seed. 


Fig. 1178. Flowering stalk of the Pitclier-pliuit {Nepmthi's distillatoria)^ with its folded leaves iii 
the form of ascidia (pitchers). The plant is dioecious, male flowers being produced on one plant as 
above, and female ou a separate plant. By taking the pollen of the one and applying it to the pistil 
of the other, fertile seeds were produced many years ago in Edinburgh, for the first time in Britain. 

Fig. 1179. Male (staminiferous) flowering plant of Hemp {Cannabit saliva). 

Fig. 1180. Male and female flowers of Hemp {Canmbis saliva). 1. Male flower, with reflexed 
perianth and five stamens. 2. Cluster of female flowers of the Hemp, enclosed by bracts. It lias 
been said that the female flowers have produced perfect seed without the application of pollen. 
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823. In certain cases, it has been stated that perfect seed has been 
produced without the agency of pollen. Pontedera and Alston brought 
forward supposed instances of this in Hemp (Figs. 1179 and 1180), 
Merciirialis, and Spinach, and similar statements were made by Bem- 
hardi* in regard to these plants, as well as Lychnis dioica, and by 
Fresenius in regard to Datisca cannabina. Mr. Smith*}* of Kew men- 
tions a Euphorbiaceous plant, Coelobogyne ilicifolia, in which he states 
that perfect seeds were produced without the presence of pollen. Lieb- 
mann J notices a similar occurrence in a species of Cycas in the Botanic 
Garden of Copenhagen, and Gasparrini§ asserts that Figs developed 
in summer never contain male flowers, and yet produce seeds whicli 
contain an embryo. All these cases require furtlier investigation. 
Kichard, Desfontaines, and others, by careful experiments, found that 
no perfect seeds were produced in Hemp when the males were care- 
fully excluded. It frequently happens that in monoecious and dioecious 
plants, male organs are produced among female flowers in a very 
obscure form. Even in the animal kingdom statements were at one 
time made in regard to the productiveness of femfiles without contact 
with males. Such observations were found to be incorrect, and 
proceeded entirely from the ditficulty of detecting the male organs. 
Thus in the Tunicata it was supposed that ovaries only were present, 
but subsequently testes were found; it required microscopic exami- 
nation to detect the presence of testes in the same mass with the 
ovaries. In the case of the Fig, Gasparrini detected at the upper 
part of the nucleus of the ovule certain cells, which he called 
pollinidcs (pollinii), filled with a semi-fluid granular* matter, which 
might probably serve the puqjose of j)ollen.|| A similar structure was 
noticed by Gasparrini in some Oranges with plurality of embryos. In 
the case of Coelobogyne it has been stated that the glands of the bracts 
contain a viscid fluid, wdiich may perhaps be employed in fertilization. 
These glands are considered by many as produced by a dedupli- 
cation or chorization of the anthers. These anomalous cases require 
examination, and at all events, they arc not such as to overthrow 
the opinion as to the necessity of the application of pollinic matter 
of some kind to the stigma in order to produce a fertile seed. In 
all investigations of this kind, it must also be remembered that tlie 
only test of true fertilization is the production of a germinating em- 
bryo, for the mere swelling of the ovary and of the ovule may take 

* Bcmhardi, ueber Bildung von Samen oline Voiliergcgange Befrnchtung, in Otto und Dietrich 
AUgem. Garten Zeit. 1839, anr la rormation des Graines sana I'econdation, m Ann dos Sc. Nut. 
2d ser. xii. 362. See also Annals of Nat. Hist, vii 16C 

t Smith, Notice of a Plant which produces pcrfeit seeds without anyappaicnt action of pollen 
on the stigma, in Trans Linn. So(. xviii. 610, Annals of Nat. Hist. iv. OS. 

t Liebmann, conceining tlie Impregnation of Cjcadea*, in Pioeeed of Scandin. Nut. at Copenhagen 
in 1847. See Proc. Linn. Soc. Maich 6, 1850. 

% Gaspanim, Uicerche sulla Natura del Capnfico et de Iico, &c. Napoli, 1846. Sur quelqnes 
points de Physiologie relatifs au Piguier et au Caprifiguicr, in Ann. des ‘'c. Nat. 3d scr. Bot. xi. 005 
See also Journal Hurt. Soc. Lond. iii. 186. 

li Gasparrini, sur POngine de I’Embryon dans lea Graincs des PInntts Phanerngames — Ann des 
Sc. Nat 3d ser. v 200, xi. 865 
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place without impregnation. Tlius a specimen of Carica Papaya 
(Fig. 1181) was fertilized in the Edinburgh Botanic Garden by 
pollen from another species of the same genus, and finiit was produced 
with fertile seed ; and the same plant produced next year large fruit 
without any application of pollen, but the seed was not perfect. 
Henslow has conjectured that cases where fertile seed is stated to have 
been formed without the action of pollen, may be analogous to nhat 
is seen in Aphides, where one impregnation is sufficient to produce 
eight or ten generations. 

824. In Phanerogamous plants provision is made for securing the 
application of the pollen to the stigmatic portion of the pistil or to the 
ovule. The relative lengths of the stamens and ])istils, in erect and 
pendulous flowers, are varied on this account, and the mode in which 
the anthers open is also made subservient to the same end (p. 231). 
In the case of some plants^ the ehisiic flJainents are hound down by 
the floral envelopes until such time as the pollen is ripe, and then ti)ey 
are set free so as lo scatter the pollen with great force. This phe- 
nomenon is seen in the common Nettle (Urtica dioica), and in the 



Fig. 1181. 



Fig. 1182. 


Fig 1183. 


Pellitory of the wall (Fig. 1182). Elastic lilamcnts occur also in 
Comus canadensis. In this plant the corolla of each flower consists 
of four segments, which are for some time folded over the other floral 
organs, and meet in a central point. Towards their tips arises a long 
spine or hair. The stamens are four in number, and are kept in a 
very acutely bent position towards the pistil by the corolla. The base 
of each petal, as veil as the angle of inflection of each filament, has 


Fig. 1181. Papaw-Tree (Oarica Tapaya)^ bearing fruit. The tree is Diuhogamous, that Is, hus 
separate male and female flowers. A plant in the Botanic Garden did not produce fruit until for- 
tUheed by pollen artificially applied. But after the first application, the fruit continued to swell for 
a second year, although It did not produce fertile seed. 

Fig. 1182. Male flower of Pellitory {Parietaria offirinaliji), having four stamens with incurved 
elastic filaments, and an abortive pistil in tlie centre. Wlicn the perianth expands, the filaments 
are thrown out with force, so as to scatter the pollen on the female flowers in the vicinity. The 
same thing occurs In the Nettle, as shown In Figure 628, p. 229. 

Fig. 1183. Flower of the Barberry {Herberts vulgaris), the stamens of which are irritable, and 
move towards the pistil when touched at their base. The irrltaWlity resembles that of tlie Sensi- 
tive plont, and is ascribed to turgescence in certain cells, and contraction In others. 
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an elastic joint, and when the hairs or spines at the apex are slightly 
touched, the corolla flies back, and the stamens, freed from restraint, 
start up and scatter the pollen. This elastic state is probably owing 
to turgescence of the cells on one side of the filament, as well as to 
the temporary restraint caused by the perianth. In the species of 
Kalmia a similar phenomenon is observed, the anthers being held for 
a time in little pouches or sacs of the corolla, and then moving with a 
jerk towards the pistil. 

82,5. In the Barberry (Fig. 1183) and Mahonia, the filaments are 
very irritable on their inner surface, at the point where they join the 
receptacle, and when touched in that situation they move towards the 
central organ. The motion, like that of the leaves of the Sensitive 
plant, seems to be connected with a small cellular swelling or gland 
at the base. Tn species of Stylidiiim (Fig. 1184), the stamens and 
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pistil are united in .i common lohnnn, vhich is jointed and irritable, 
and which, when touched at the joint, passes with force and rapidity 
from one side of the flower to the opposite one, so as to burst the 
anthers and scatter the pollen on the central stigma. The stamens 
of the common Kock-rose (Helianthemum vulgare), and of species of 
(5&tus (Fig. 1185), exhibit movements which aie .apparently connected 
nith the apjdication of the pollen. Morren has lemarked also sensi- 

I ig. 1184 A species of Stj Icwoit (Stytidixm tennxfoliumj, which rtisplaj s imtabihtj in its lepro- 
fhictive column 1 Plint, with its nairow leaves and numerous flowers, from each of which a 
(olumn proiccts formed by the united stamens and pistil 2 riowcr separated, showing caljx, 
(orolla, and column; at the extiemity of the latlei the anther lobes me placed, surrounding the 
‘‘tigma in the centic 3 A similar flower, showing the column m the act of passing fiom one side 
of the flower to the other 

Ilg 1186 FJowciing stem of d species of Aock-rosc (Cisim etehcus), the stamens of which dis- 
play irritability when touchid 
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tiy6ii6S8 iu tb^ androecium of Cereus grandifloms and of Spanuannia 
afinca&a. In the flowers of species of Indigofera the carina is held 
up by the alee by means of hook-like processes, and when the wings 
separate, the carina falls down towards the pedicel, exposing the 
essential organs, and probably thus contributing to the application 
of the pollen. In species of Grevillea the styles are curved, and have 
their sdgmatic surface contained within the tips of the perianth, in 
which place the sessile anthers lie ; and it is only after the perianth 
expands, and the j)ollen has been ripened and applied, that the style 
becomes straight, so as to project to a considerable length above the 
flower. A similar occurrence is met with in many Proteacea^. In the 
Grass of Parnassus (Pamassia palustris), and in Rue (Figs. 1186 and 
1187), the stamens move forward in succession towards the pistil. 

826. Insects are sometimes employed in scattering pollen. The 
bees in collecting the honey secreted at the base of the petals are 


1 ig 11S(5 


Fig. 11H7 

made instrumental in applying the pollen to the stigma. In Orchids 
(Fig. 1188), in which the anthei-s are placed on the upper part of 
a column with the stigmatic surface separated from them, and the 
pollen is in masses (Fig. 1189), the agency of insects seem to be 
required for fertilization. The flowers of these plants exhibit remark- 
able animal forms, probably with the view of attracting insects. It 
has been remarked that in Orchids the forms of the perianth resemble 






Fig. 1186. Flowtsr of the Grass of Parnassus (Parnafsta palustris), the stamens of which mo\e 
in succession towards the pistil, In order to scatter their pollen. In the Figure, some Rtamens aio 
seen applied to the pistil, and others removed fiom it. 

Fig. 1187 Flower of Rue iUufa fjiaveolens). In which there is a successive movement in the 
stamens towatds the pistil. 

Fig 1188 Flower of an Orchid called Twaybhde (Listrra ovata), in which the pollen foi ms masses 
easily removable by insects, and thus applied to the stigmatic surface. 

Fig. 1189. Pollen masses of an Orchid, united to a gland at their base. These masses ore easily 
detached from the anther by insects, and are thus applied to the stigma. 
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those of the insects belonging to the native country of the plant. 
The flowers also secrete a large amount of saccharine matter, and are 
odoriferous j their pollen-masses are very easily detached, and are 
very adhesive. All these circumstances seem to be connected with 
their mode of impregnation. In Asclepiadacess, which have also pe- 
culiar pollinia (Fig. 1190), insects are attracted by the odour of the 
flowers (sometimes very fetid, as in Stapelia, p. 547), as well as by 
saccharine matter. In various species of Birthwort (Figs. 1191, 
1192, 1193), in which the essential organs are contained in a tubular 
perianth, insects are employed to effect the application of the pollen. 
Species of Tipula enter the expanded portion of the perianth, and 
then crawl down through the long tube to the cavity at the base con- 



Fig. 1190. 



Fig. 1192. 



Fig. 1191. 


taining the stamens and pistil. On attempting to return they are 
prevented from getting out by iinmeroiis hairs pointing downwards, 
which act like a trap. While moving about in the lower cliambei’, 
the insects spread the pollen when ri])e, and afterwards when the 
flower fades they escape. 

827. Pollen grains in general require to be protected from the 


Fig. 1190. Pistil of one of tlie Asclcpiiidaceec, witli tlic onlyx und ilower-sf«lk, n, the pellcn-niasscs, 
Pj adhering to the stigma, s. Pollen-masses, b, separated witli the gland nniling them. 

Fig. 1191. Separate flower of Common Uirthwort (Jrisfohchia Clematitis), formed by a single 
perinntli enclosing the stamens and ])iHlil at its base. The inside of the tubes of the pci ianlh is lined 
with stilT hairs pointing downwards, whieli allow the eiitrunre of an insect called Tipiila pennicornis, 
but prevent its exit until the pollen has been scattered on the stigma, and the flower lias withered. 

Fig. 1192. Section of a flower of Birthwort, showing the stamens and pistil, ff, at the bottom of the 
pcrinnthi and surmounting the ovary, o. 
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direct action of moisture, which causes them to burst prematurely. 
The closing of flowers during rain accomplishes this object. In the 
Daisy and other Composite plants the outer florets close over the inner 
ones, and thus prevent injury from wet. When plants grow in water 
the pollen is sometimes of a peculiar nature, and the anthers are placed 
along with the pistils in a covering to protect them from the effects 
of moisture. This is seen in the Sea- wrack (Zostera marina), the 
pollen of wliich has a filamentous appearance. In other aquatics, 
as Water-lilies (Fig. 1194), Victoria (Fig. 235, p. 107), Hottonia 
and Lobelia, the peduncles rise above the water at the time when 
the flowers are developed. In an aquatic plant called the Water- 
soldier (Stratiotes aloides), the whole plant floats in the water, and 
sends down roots into the mud below. The Duck-weeds (species of 
Lemna), also produce their essential organs on floating leaves, while 
their roots hang in the water (Fig. 1195). In Vallisneria (Fig. 
1196), the female plant, 5, sends up a long spiral pedunede, which 
sometimes increases in length 14 inches during twenty-four hours, and 
wdiich enables the ilowvr to appear above water, and to be accommo- 
dated to its dejUhf at the same time that the root remains atiached to 
the mud below; the male plant, on the other hand, is detached 
from the bottom of the water, floats on the surface^ and there perfects 
its pollen, which is ultimately wafted on the pislilliferons plant. A 
similar phenomenon is exhibited by an African plant called I^agaro- 
siphon miiscoides. The Vallisneria, as grown in an aquarium in the 
stove of the Edinburgh Botanic Garden, did not display this phenomenon 
fully as regards the male flower. The plant i)roduced its flowers at 
the bottom of the tub, and its pollen rose to the surface of the water, 
buoyed up apparently by a small collection of air which enabled it to 
float. The pollen came up for several days in large quantity. 

828. The fertilizing power of the pollen is retained for a different 
length of time in different species of plants. According to Kolrenter 
and Giertncr, the pollen continued fresh in some species of Tobacco 
only for 48 hours ; in Datura Stramonium, I). Tatula, and D. ferox, 
and in Lychnis dioica, for 2 days ; in Hibiscus Trionum and the Clove- 
pink for 3 days; in l^ohclia syphilitica and L. splendens for 8 or 9 
days; in Wallflower for 14 days; in Orchis ahortiva for 2 months.* 
The pollen of the Date, Cannabis, Tea, and Camellia, liavc been kept 
fresh for a year. Morren states that the pollen of Candolleawas 
fertile for one year, and Michaux mentions the pollen of Chamajrops 
humilis and of the Date as having been used successfully after 18 
years. Pollen may be carried to a distance and retain its fertilizing 
power. Dates at St. Helena were fertilized by pollen brought from 
trees growing on the Continent of Africa, The pollen of some plants 
may bo sent to a distance in a letter, and after many months be capa- 
ble of acting on the stigma. 

* Chertner, Befruclitung; der Gewaclise. Stuttgart, 1&44. Kolrcuter, Voilaufige Nachndit 
von einigen, das Gescldecht der Pflanzen betreffenden Versuchen 1761-1760. 
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829. The quantity of pollen produced in some cases is enormous. 
In the case of Firs and Pines (Figs. 1197, 1198, 1199), this seems to 
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be eonneelod witli the fact that the cones or female organs are separate 

Fig. 1193. Flowcring-stivlk of Common Birtliwort (Aristolochia Clematitis). Fcitilizationis effcrU'd 
by insocta. 

Fig. 1194. Watcr-IjOtuB {Nehimbxum speciosum), the flower of which appears above water, and tliua 
the pollen ia prevented from being injured by moisture. The fruit of the plant is supposed to be the 
Pythagorean Bean, 

Fig. 1195. Plants of the Lesser Duckweed (Lemna minor), which float on the surface of ponds, 
llic naked flowers, a, arc borne upon the green leaves and appear Hbo^e the uatcr; while the roots, r, 
with their sheathed points, hang in the water. 

Fig. 1196*. Male and female ])lant8 of Vallisneria spiralis, a, the male plant, which is detached 
from the mud at the bottom of the water, and rises to the surface so as to mature its pollen and scatter 
it ; b, the female plant, w'hich rcmaiits fixed in the mud, and sends up a spiral peduncle, wliich uncoils 
according to the depth of the water, and bears the pistillifcrous flowers above the water, so as to 
allow the pollen to be waited upon them. 
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from the stmuinal clusters, and that, moreover, the leaves are usually 
evergreen, and thus present an obstacle to fertilization. The yellow 
powder in Pine forests falls to the ground in vast quantity, and it is 
sometimes carried by the winds to a great distance, so as to fall in the 
form of what have been called sulphur showers. Many instances arc 
given of coloured rain containing pollen gi-ains. On 17 th April 1 850, at 
11 A.M., a yellow-coloured rain fell at the Mumbles, near Swansea, the 
sky being at the time bright and free from clouds. The spots of rain 
when fresh were of an ochre-ycllow, and the colour remained for many 
days notwithstanding heavy showers. The sediment was examined 
and found to consist chiefly of pollen grains, probably those of a 
species of Salix. Among the grains were also spores resembling those 
of Cladosporium. Two instances of coloured rain are recorded by Pro- 
fessor Bailey, one of which occurred at Troy, New York, and the other 
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in the harbour of Pictou/ I’he matter at Pictou was the pollen of 
the Scotch Pir (Pinus sylvestris), that at Troy consisted chiefly of the 
pollen of some Cupuliferous plant. 

830. Morren counted the number of pollen grains in a plant of 
Oereus grandiflorus which grew in the stove of the Botanic Garden of 
Liege. He found that in each flower there were 500 stamens, and as 
40 flowers were produced, the total number of stamens on the plant 

Fig. 1197. One of the Conifcis. A \ariety of tin Spiuce Fir The tree bears mdlo flowers m 
clusters, and female flow ers m rones. 

lig 1198. Stamen of a lir, showing tlie grams of pollen, pol, which are abundant and discharged 
by the separation of the \alve, val 

Iig 1199. Female flowers of a Fir arranged in a cone, the scnlcs of which aie biacts cmcring the 
ovules 

* Amencan Journal of Sciences and Arts, 18451 Sec also Uussall on the Pollen Granule — Annals 
of Nat. Hist. vni. In the Museum of Economic Bol.my at Edinburgh, there is a specimen of Coni- 
ferous pollen which fell in a sliowei at Tliibcdeou, 70 miles west of New' Oi leans, piesentcd by Ui 
Iraili 
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was 20,000, and of pistils 40, each having 24 stigmas. Each anther 
contained 500 pollen grains, and hence the total number of grains in 
each dower was 250,000, and upon the entire plant 10,000,000. A 
single plant of Chinese Laburnum (Wistaria sinensis) produced 675,000 
flowers containing 10 stamens each, or 6,750,000 in all, and these 
contained 27 billions of pollen grains. In a single blossom of Leon- 
todon Taraxacum Hassall counted 243,000 ; a flower of Paeony furnishes 
on an average 174 stamina, each containing 21,000 granules, giving a 
total of 3,654,000. In an entire Rhododendron plant the pollen 
grains amounted to 72,620,000. These numbers, gi'eat though they 
be, sink into insignificance when compared with the myriads produced 



i'lK 1200 Fig 1201 


by a single forest tree. A Bulrush gave 144 grains by weight of 
pollen.* De Vriese, in speaking of a specimen of Cycas circinalis, 
states that the male cotie was 0.450 metres long, and 0.200 broad; 
the number of scales was 3500, and the surface of each four square 
centimetres, the whole sums of the organs which compose the 
cone being thus = 14,000 square centimetres. The under surface 


Fig. 1200, Flowenng brancli of Hazel (Corylus Avellana), beaiuig male spiket*, (J, and female 
Bpikea, These are produced before the leaves, so as to allow the pollen to reach the pistils. 

Fig. 1201 Male flowers of a Willow (Salta), which are produced before the leaves and on a separate 
plant from the female flower. 


‘ Hassall, on the Pollen Granule— Annals of Nat. Hist vui. lOfi. 
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of the scales was covered with unilocular anthers to the number of 400, 
the total number of anthers being estimated at 1,400,000. Each 
anther contained several thousand grains of pollen, which were developed 
with great rapidity.* In many catkin -bearing plants, which are mo- 
noecious or dioecious, the pollen is abundant, and the essential organs 
are developed before the leaves are produced. Examples of this occur 
in the common Hazel (Fig. 1200), and in Willows (Figs. 1201, 
1202). 

831. Observations have been made by Gaertner and Kblreuter as 
to the quantity of pollen required to fertilize the ovules. One grain, 
or at most three, are sufficient to impregnate the ovule of Mirabilis 
longiflora and M. Jalapa. In a single flower of Hibiscus Trionura, 
Kblreuter counted 4863 pollen grains, and he ascertained that 50 or 
60 were sufficient to fertilize all the ovules in the ovary, usually 





fir, 
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amounting to 30 ; when fewer gi’ains were employed, impregnation was 
not complete ; thus 25 grains only impregnated from 10 to 16 ovules. 
In most cases the pollen of a single fertile anther is sufficient for the 
perfecting of the ovules, and the additional anthers arc produced with 
the view of insuring the result. Morren states, that in the flower of 
Cerexis grandiflorus he found 150,000 grains of pollen out of 250,000 
which had not been applied to the stigma, while the number of ovules 
in each ovary was about 30,000. 

832, During the evolution of the stamens and the maturation of 
the pollen, the pistil undergoes changes, more especially as regards 


Fig 1202. Female flowers of a Willow (Sahr), wliicli are also produced m llie early part of the 
season before the leaves, and are on a scpanite plant from the male flowers. 

Fig. 1208. Style of a species of Uellflowcr {Campanula), covered with hairs, which collect the 
pollen. 

Fig 1204. riowor of a species of Bellflower {Campanuln), witli the stamens applied to the hairs 
of the style so as to scatter the pollen. 

De Vnese, observations on Cycadaceous Plants, m Ilookei’s Kew Miscellany, ii 180. 
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the stigma, which becomes enlarged, lax in its texture, and covered 
with a viscid secretion. The secretion is stated by Aldridge* ** to have 
acid qualities at some period of its formation, but, according to Vaucher, 
it is saccharine, and resembles that formed by the nectariferous glands 
of petals. In species of Campanula, such as C. Medium, rapunculoides, 
Trachelium, and rotundifolia, during the discharge of the pollen, the 
style, which is covered with hairs (Fig. 1203), elongates, and in its 
upward progress brushes the pollen from the anthers (Fig. 1204). 
The hairs which collect the pollen apply it to the stigma, the branches 
of which, 5 , are at first erect, and afterwards, by changes in their cells, 
become revolute. The hairs occasionally appear double, from their ex- 
tremities being drawn within the lower part of their tubes after perform- 
ing their functions.^ Brongniart looks upon these hairs as mere pollen 
collectors, J but others look upon them as directly concerned in fecunda- 
tion. Hassall thinks that in Campanulacea? and Compositae not only 
the ..me stigma, but also that portion of the style which is covered 
with hairs, is esseiilially concerned in fecundation. § 

833. In (xoldfussia (Kuellia) anisophylla, Morren noticed that 
the style has a curved stigmatic apex, vhich gr.adually becomes 
straightened so as to come into contact with the hairs of the corolla 
on which the pollen is scattered.|| The stigma in species of Mimulus, 
DJplacuSj ami Bignoiiia js hiJamellar, and the two Jairiellas close when 
touched with ])oJIcn or any extraneous hody.f It is said that in some 
species of (hictus and Passion-flower the styles move tow'ards the 
stamen. In order that impregnation may lake pl.ace, the stigma must 
be in a proper state to receive the i)ollen. Oa^rtner says that a fresh 
cut style in which the stigma is removed will not do for this pmq)()se. 
In rare instances, as in the Mca-pink (Armeria maritiu)a), the conduct- 
ing tissue of Ihe style becomes elongated, so as to pass into tlie ovary 
(Fig. 1205), and ultimately conies into contact with the ovule, w^hcii 
impregnation takes place (Fig. 120G). 

834. Before the process of impregnation, certain changes also take 
place in the ovule. Idie relative position of its parts is frequently 
altered, so that the micropyle is brought near to the placenta (Fig. 
1207). Moreover, one of the central cells becomes much enlarged 
and developed, so as to form the embiyo-sac (Fig. 1208, s). Occa- 
sionally this sac becomes so enlarged as to appear on the outside of the 
ovule, as in Avicennia. At the end of this sac, next to the micro- 


* Aldridge, on the Structure and Functions of the Pollen, in Lond. Journ. of Bot iv t>0 , also f)n 
the use of Pollen m Natural Classification, m Lond Jouin. of Bot. i 575. 

t Wilson, on the Pollcn-Collcctor« of Campanula, in Hooker’s Journal, u 183 
X Brongniart, sur les Foils Collectcurs dcs Cnmpanulcs, et sur la Mode de lecondation dc (c» 
Plantes, m Annules des Sc Nat. 2d ser. xii. 244, trans. in Ann. of Nat Hist. v. 380 

) Hassall, on the functions pci formed by hairs on the stigma m Campanulactm and Compoaitm ~ 
Ann. of Nat. Hist, vui 84. 

II Morren, sur le Mouvement et PAuatoniie du St\lc du Goldfussin anisophylla— Bull ile I’Acnd 
Hoy do Bruxelles, tom vi. 

H Braconnot, sur rirntabilit^ du stigmute dcs Miniulu«, in Ann de Chim. ct dc Phys xxix. 333 

** Gufiith, on the Oinlc of Santaluni, &c 
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pyle, several delicate free nucleated cells are produced, to which the 
name of embryo-vesicles or germinal- vesicles has been given (Fig. 
1209, c). In this way the ovule is prepared for the action of the 
pollen, and for the production of the embryo plant. 

835. The essential organs, when performing their active functions, 
absorb much oxygen and evolve carbonic acid. At the same time they 
acquire a certain elevation of temperature. This has been already 
noticed when speaking of the floral envelopes. The time of the emis- 
sion of pollen seems to be that at which the maximum heat is pro- 
duced, and the stamens have a liigher temperature than the pistil.* 
When the stamens and pistil are mature the anther bursts (Fig. 
1210), and scatters the pollen, on the stigma (Fig. 1211, stig). 
There it is detained, and is acted on by the viscid secretion, by 
moans of whicli tubes are developed from the intine (Figs. 1212 and 
1214, 2). This is a sort of germination of the pollen cell. These 
tubes pierce the stigmatic tissue, and convey the fovilla (Fig. 1213) 
through file canal of the style to tlie ovule. In Figure 1214, 1, the 
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ovary, o, with the ovule, w, and embrj’o-sac, v c, is rei)rebented ; the 
pollen, is applied to the stigma, stig^ and its tubes, t p, pass througli 
the conducting tissue of the style, styly to reach the embryo-sac. 

836. The emission of tubes sometimes commences half a minute 
after the pollen has been applied to the stigma ; in other cases, as in 
Mirabilis Jalapa, it takes from 24 to 36 hours. In the Larch Gclez- 
noff says that the tubes do not emerge for 35 days. Pollen tubes may 
be seen easily in species of Gesnera, by gently scraping off from 
the stigma the pollen wliich has been in contact with it for 48 hours. 
They may also be detected in the (hocus vernus when a portion of 

Fig. 1205. Ovary, of Sea-pink {Armerw wanlima)^ in winch the ovule is suspended by a curved 
cord, cor, and the conducting tisbuc, s, of the style elongates in a downward direction. 

Fig. 1206. The ovule of the Sea-pmk farther advanced, showing the conducting tissue, a, of the style 
m contact with the foramen of the ovule, o, and pushing aside the cord. 

Fig. 1207. The ovule of Celandine (Chcltdonium), with its pnrainc, jp, secundinc, #, and nucleus, 
H, projecting through the foramen, which is slightly turned round in 1, and completely turned in 2. 
By this change m the position of the ovule the foramen is brought near the placenta, and the pollen 
tubes reach it more easily ; /, the funiculus or umbilical cord. 

Fig. 1208. Ovule of Polygonum, showing the embryo-sac, a, developed in the midst of the nuclons, «. 

* See remarks m this subject at pages 522, 528, and 526. 
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the stigma is gently pressed in water between two plates of glass until 
it is transparent. Colocasia odora is another plant in which pollen 
tubes are readily detected penetrating the tissue of the stigma. In 
the common species of British Orchis they may be traced without much 



difficulty to the foramen of the ovule. The tubes may be recognized 
by their opaque granular contents, and their small size eompared with 


Tig. 1209. Ovule of rolygonum, showing tlie nuclruH, «, and the embryo-sac, n, contaiuing a vesicle 
or germinal cell, c, formed before impregnation. Tins cell, after feitilizatiuu, dp\ elopes the /list em- 
bryonal cell, e. 

rig. 1210. Stamen, s, of Wallflower {Cheiranihus), scattering the pollen, p p, from the anther, a. 

Fig. 1211. Grains of pollen, pp, applied to the viscid cellular stigma, stig, of Trogsniouth (Antir- 
rhinum majus). 'fhe stylo, sty, is laid open to show the pollen tubes passing down to tlu* ovary. 

Fig. 1212. Grain of pollen of the Evening Primrose ( (hnotheraj, showing a pollen tube partially 
developed. 

Fig. 1218. Spherical grain of pollen of the Cherry (Cerasus), showing a pollen tub(' formed by the 
intine, with its extremity ruptured, so as to discharge fovilla, /. 

Fig. 1214. Pistil and pollen of Polygonum 1. Stigma, stig, with pollen grains, p, adherent to it, 
sending tubes, tp, down the conducting tissue of the style, sty/; the ovaiy, o, containing the ovule 
with its covering and central cellular mass or nucleus, «, containing a rudimentary onibryo-sac, vs, 
in which ultimately the embryo is developed. The base of the ovule attached to tlie placenta is 
marked by the chalaza, ch, 2. Pollen grain, p, separated, with pollen tube, tp. 

2 V 
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tlie rest of the tissue iu the style. In Digitalis purpurea the diameter 
of the pollen tube is l-166th of a millimetre, in 
/ \ A Orchis Mono ]-180ih, in Wallflower l-280th, and 

^ / I in Common Hhcpher(Vs Purse l-332d, 

Y \/ / The length to which the tubes extend is 

\\ In IT/il) I / great. In Cereus grandiflorus, Morren 

ull J I i 1/1 / estimated that the tubes when they reached the ovary 
<'3:tended as far as 1150 times the diameter of the 
pollen-grain ; in Crinum amabile, Hassall says they 
reach 1875 times tlie diameter of the grain, in 
Mi/ (Jlcome spcciosa 2719 times, in Oxyanthus speciosus 
ill 4489 times, and in (^dchicum autumnale (Fig. 1215) 

II 9000 times.* The length of lime which the pollen tube 

l|j tak('s to traverse the conducting tissue of the style 

\| varies. The lime does not always correspond with 

I tlie comparative length of the style. In some short- 

I styled plants the lime taken is very long, while in 

I the ease of the long-styled Cereus grandifloms and 

II ('’olchicum autumnale a few hours is sufficient. In 

^ l| the style of the former, 9 inches long, the end of the 

11 pollen tube, according to Schleiden, reached the 

l|\ ovule in a few hours ; in that of the latter (Fig. 1215), 

\h\ 13 inches long, in about 12 hours. In other plants 

\|l weeks sometimes elapse before the tube traverses a 

M short distance. In the case of some Coniferous plants, 

\m as Finns sylvestris, Fineau states that a year elapses 

M before the tubes reach the embryo-sac. 


( || :i. VIEWS OF EMBRYOOENY OR EM15RYO- 

II DEVELOPMENT 

11 838. The mode in which the embryo or young 

f plant is produced in the seed is a subject of great 
physiological interest. It has engaged the attention 
of many eminent botanists in Germany, France, 
Italy, Russia, Britain, and India, and within the last 
thirty years has called forth able papers from the 
pens of Amici, Brongniart, Browm, Schleiden, Mir- 
bel, Spach, Meyen, Mold, Unger, Hofmeister, Muller, 
0 Tulasne, Griffith, Henfrey, and others.*!* Notwith- 
standing all that has been done, however, there are 
still difficulties connected with vegetable embryo- 
iHg. 1 * 216 . g^‘ny, and additional microscopic researches are re- 
quired for the full elucidation of the subject. When we reflect on the 

Fig. 1216. Flower of Meadow-safFion or autumn Crorua {Volchiam autfmmle\ with its very long 
atyle, Tlie pollen-grama applied to the stigma guc out tubes, u Inch extend to 90<)0 timee the 
diameter of the gram before they re*\ch the ovary, o. Ihis is often acci'mplished in 12 houis. 

* llossall, on the Pollen Granule— Annals of Nut. Hist. viii. 92, and ix 644. 
t See references to the works and papers of these authors m the notes to this section. 
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nature of the inquiry, the minuteness of the tissues to bo exauiinetl, 
the difficulty of tracing microscopic morphological changes, and the 
many sources of fallacy to which such researches are exposed, it is not 
a matter of surpnse that many conflicting- opinions have been brouglit 
forward. Amidst the multiplicity of views which have been promul- 
gated, there appear to be some facts sufficiently established, and indi- 
cations have been given of the proper method in which future researclu's 
ought to bo conducted, in order to arrive at satisfactory results. 

A. Formation oft/ie Embryo in Cryptogamovs or Acoiyled(mons 

Plants, 

839. In the simplest (Vyptogamic plants, composed of a single 
rounded cell, as in the Yeast plant (Fig. 1061, [). 360), and the Ked- 
snow plant (Fig. 1062, p. 360), the processes of re- 
production and nutrition cannot be separated. TJie 
same coll appears to perform both functions. At a 
certain period of growth divisions take ])laee in th(‘ 
cell-contents, and by the bursting of the j)arenl cell 
germs arc discharged wdiich are capable of producing 
new individuals. As w^e ascend in the scale the 
plants become more complex. In place of one cell 
tliey consist of several united together either in a single 
or bramdied linear series, and combined both end to 
end and laterally, so as to form cellular expansions. 

In this state the nutritive and reproductive cells are 
often separate and distinct, as may be seen in com- 
mon Mould (Fig. lOGH, p. 362), and in Fungi gene- 
rally. In (V)nferva' (Fig. 1083, p. 411') and in 
Diatomacea? (Fig. 1077, p. 408) the existence of 
reproductive cells with distinct functions have been 
observed. In many of them we piu’ceive at certain 
stages of growth cells united by a process of conjugation,* the result 
of this union being the production of a cellular embryo or spore (Fig. 
1216, c). This conjugation is a very interesting process, and tends 
to throw’^ light on the subject of reproduction throughout the w^hole 
vegetable kingdom. The cells in these plants have in their interior a 
granular endochrome, which appears to have different functions in th(» 
different cells. When certain cells are brought into contact, tubes ai<* 
emitted which unite the tw^o (Fig. 1216, 6), the endochromes come 
into contact, and the result is the formation of a spore, the mixed 

Fig. 1216. ]' ilamentB of Zyguema, with conjueratu'g cells. The tubes uniting tu o rclla aie 8C(‘n at b, 
and smiilur tubes connect two upper cells, a and d. The (oiitciita of tlic c< lls iiitci mingle, and aiiorca 
or Bporoid embryoa, c and rf, aie produced. The upper cella, in viliuli thcie la no conjugation, retain 
their uaual contenta , while some of the lower cclla have loat then toiitmta, and aporea arc produced 
in otlieis. 

* Tho name Confugnta' la given to species of Zj gneinn, TyudarJdc.i, Mougeotia, Staurocarpus, 
&c , on this account. 




570 


EMBRYOGENY IN CELLULAR PLANTS. 


endochromes being surrounded with a proper membrane. Sometimes 
the contents of one cell considered as the male pass into the other in 
which the spore is produced, as in Zygnema (Fig. 1216), and some- 
times the contents of both cells unite, and the spore is produced in the 
tube between them, as in Diatoms. The occurrence of this process 
in Diatomaceae, as observed by Thwaites,* and confirmed by Smith 
and others,t favours the view that these organisms belong to the vege- 
table kingdom.}: 

840. In many of the Confcrv/e, however, spores a])pear to be pro- 
duced without the conjugation of separate filaments. In fnich in- 
stances it is conjectured that different cells in the same filament per- 
form different functions, and are so ])laced that at a certain period their 
contents by coming into contact dcveloj)e a germ. The same filan)ent 
may thus contain both male and female cells ; although botanists as 
yet have not been able to show the difference between them. In some 
species of Meloseira the endochrorne at each end of the cell appears 
to have a different property, and mixture takes place in the cavity 
of a single fmstule. In this case there is a movement towards the 
centre of the cell when the spore is fonned. 

841. Proceeding to other divisions of Acolyledons, we find diffe- 
rent kinds of reproductive organs, which can, however, only bo observed 
at certain periods of development, and frequently cannot be seen after 
the embryo has been fully formed. In the same way as in the 
flowering plants, when the seed has been ripened the stamens have 
generally withered and fallen off, jind sometimes also the style and 
stigma. It is of importance, therefore, in all investigations into Crypto- 
gamic reproduction, to examine the plants at their early period of growth. 
The reproductive organs have received different names in difiereni 
natural orders of (Cryptogams. They are generally called antheritlia 
and archegonia or pistillidia, from their Kiip 2 )osed analogy to anthers and 
pistils. The antheridia contain sperm-cells, in each of which is a mov- 
ing ciliated phytozoon, spirillum, or spermatozoid (Fig. 1000, p. 335), 
and the pistillidium or archegoniuin contains a germ-cell or embry- 
onal-cell, which produces a germinating body (Fig. 1011, p. 340). § 

* Thwniteh, on Conjugation of tlio DiatoinaocR*- Annals oi Nat. Hist xx. J), Thwaltcs liaa 
seen conjugfition iii I'unotia (rpithemln) turgkia, rocconoina lanccolatum, (iornplionpina nilnuti'- 
simuiu or curvatum, also In ‘species of Mplosoha, Oitlioscira, Aularobcira, URkleiii, and Scidzoncnin 
t Smith, on British Diatoinacew ; on Conjjisjution of riostdiinn lllircnbeigii, m Annals of Nat. 
Hist. 2<1 scr. v. i. Morren, sur les Closteiicb, m Ann. don *>0 Nat 2(1. S( r. Hot. > 2.'>7. 

^ Besides this pioccss of eonjngation, by means of Tvhicb a cellular embiyo is toiined, some of 
these plants have a power of mirismatic or fissiparouB dhMon (Fig 1()77, p. 40H\ by which cells are 
separated, capable of independent existence. This iiuay be compared to the prote^^s of budding, and 
is thus distinct from forundation. Wben plants are piopnpated readily by the process of gemmation 
or budding, they frequently do not produce reproductive gcims. Tlds is true of all tribes of plants, 
both Phanerogams and Cryptogams 

j In order to see the phytozoa of Sea-weeds, such as Fueus serratus, in motion, It has been 
recommended to gather the fresh phut in "u inter or early spring, when showing orange-coloured 
receptacles, to remove it from the water, and to leave it to dry partially As the surfuee dries there 
exude from the pores of the rereptacle drops of a thick orange coJoured liquid, which, on being 
placed under the microscope and moistened with salt water, will be found to be composed of authcrldla, 
from whicli issue innumerable spermatozoids, which move about. To seethe moving sperroutozoids 
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842. Spennatozoids are considered as analogous in their function to 
the spermatozoa of animals. In the case of animals, these sperma- 
tozoa have been traced by Dr. Henry Nelson in many instances to the 
ovum. Newport* has determined that in regard to certain animals 
(such as Amphibia), the presence of active spermatozoa is absolutely 
necessary to impregnate the ovum, and that impregnation is effected 
by simple impact. He has noted the time necessary to complete the 
operation, and has observed the internal changes that immediately take 
place in the body of the nucleus ; and he has found that the sperma- 
tozoa, after producing this effect by simple external contact, become 
iner/, and lose all power of motion. Spennatozoids have in like 
manner been traced lo the archegonia, or the cells in which the rudi- 
mentary embryo is foimed. Hofineister states that he has often seen 
spermatozoids swimming about around the archegonium, in longitu- 
dinal sections of the involucres of Jungermannieaj ; he has also seen 
them in a motionless state after the rudiment of the fruit began to be 
developed. Similar observations have been made in regard to Mosses 
and Ferns ; and Suminski is disposed to think that the extremity of a 
spermatozoid in Ferns is develox)ed as an embryonic cell, in the same 
way as Schleiden thinks the end of the pollen tube constitutes the first 
cell of the embryo in flowering plants. After the application of the 
contents of the antheridia to the archegonia, a cellular body is produced 
in the latter, which may be called a sporoid embryo. This cell may be 
discharged a1 once, or it may go through certain phases of existence 
without being separated from the plant on which it is produced. The 
spore or sporoid embryo is often provided with cilia, which enable it 
to move about in fluid until it becomes attached to rocks or other 
bodies, when it begins to sprout (Fig. 1036, p. 350). 

843. In Algse and Characeae, antheridia containing sperm-cells 

(Figs. 1217 and 1218) have 
been found, as well as spor- 
angia. Tulasne has detected 
them in Fungi, and Itzigsohn 
has observed them in Lichens, 
such as Cladonia alciornis and 
Borrera ciliaris. Leighton has 
noticed peculiar motions in the 
si)ores of Lichens — the move- 
ments continuing for hours after the spores are set free. The spore-fi*uits 
or capsules of Hepaticfie are preceded by minute cellular organs called 

FifT. 1217. Antheridium of a Sea-weed (Fueus serratus^ containingr phytozoary colls. 

Fig. 1218. Filament from the globule of Chars, coneistmg of numerous phytozoary or si>erm-ce]l8. 
A spermatozoid is seen escaping from one of thorn. 

in Ferns, take the -very young prothallium, which is easily procured in the case of spores germi> 
noting on damp pots in fcm-houses, and place it under the microscope between thin plates of glass, 
moistened with water. 

* Newport, on the Impregnation of the Ovum in Amphibia— Phil. Trans for 1861, p. 169. Sec 
also Barry— Phil. Trans. 1848, p. 33. 
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arcbegonia (Fig. 1220) and antberidia (Fig. 1219), containing cells 
with spiral filaments, spirilla, or spcrmatozoids. The spermatozoids 
enter the arcbegonia, and thus a cell is produced, from which the 
spore-fruit or capsule, a distinct body, is produced (Fig. 1221, «), con- 
btituling the second generation. In Jungermannie«e, as well as in 
Marcbantiew, reproductive organs have been detected. Thus in Jun- 
germanniri bicuspidata (Fig. 1222), there is represented at a an arche- 
gonium containing an unirnpregnated germ-cell, and at h an arche- 
gouium containing an impregnated germ-cell, which is the mdimentary 
fruit. I’he gerni-cell, after fertilization, shows t^\o nucleated cells, c, 
and fioin it, as a second generation, the fruil -bearing stalk is pro- 
duced. Around the orifice of the canal leading to the germ-cell and 
iudimcntaiy fruit are seen uumeious spcrmatozoids, .s s, which have 
been discharged from the antheiidia. 



I'n' llK 12*20 


811. In Mosses there is a free geim-cell (embryonal cell) at the 
base of the archegoniiim. Bpennatozoids, fi om tlie sperm-cells of the 
anthciidium (Fig. 1223), leach it in all piobability, and then it is 
<tcvcloped into the spoiangium or spore-case (Fig. 1224), which is the 
second generation of the plant, according to some authors. The spores 
produce the leafy plant (Fig. 999, p. 335), bearing antberidia and 
arcbegonia. In Figure* 1225 is shown the confervoid prothallium, 

^li; 1219. Antheiidmm of Lavenvort iMaichanlxa) dmcliargmg its spenn-colls, that is, cells con- 
taining spcrmatozoids 

lig 1220. Pistillidium or arthegonium of Liverwort (Mmchanlw), containing m its interior a 
(Oil, which IS impregnated by the spermatozoids ui the anthcndiuni 

1 xj; 1^21 Thttllus of Liverwort {Mntchantia po^ymorpha\ bearing a stalked fiuit, j?, wlucli is 
ihi product of the impiegnated cell of the arrhegonium The receptacle at the apex of the stalk 
bears on its nndci suifice sporangia containing spoies and elatcis liie spnifg, uhen germinating 
piodmt xthillus on whith anthciidia and archegonia an foimed 
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of a Moss produced from the spore, and bearing' buds, a, 5, which 
produce leafy individuals with organs of reproduction. After the con- 
tact of these organs, a single cell of the archegonium is developed into 
the complete fruit (theca or sporangium) which is often borne upon 
a stalk (Fig. 1224). The complete fruit contains spores, which, when 
discharged, again develope the foliaceous plant. Bruch and Schimper* 
say that Mosses having antheridia and archcgonia upon the same stem 
always bear fi'uit, and that in dicncious Mosses the capsule is not 



Fig 1226 lig 1224. Fig. 1222. 


developed unless the plants bearing sperm-cells and those producing 
gerai-cells are in proximity.-j- 

Tig 1222. Aicliegonm of Jungrrraannia bicuspidata. a, Unimpregnatcd arcliegomum, witli a tube 
leading to a cavity, iieai the base of which is a cell. Archegonium after impregnation, with the cell 
divided into two nucleated portions. Tins double nucleated body is the rudiment of the fiuit-bearing 
stalk. At the apc\ of the canal leading to the cell arc seen spermatoroids, ss. 

l'\g. 1223. The male organs of a Moss (Polytuchum), a, Anthcridium containing sperm-coils, two 
of which arc seen at o. These spcrni-cdls contain spcrmatozoids, which are discharged so as to im- 
pregnate the archegoinum. Surrounding the antheridiuni theie are filaments or paiaphjses, p. 

Fig 1224. Sporangium of a Moss iPolytrichum), supported on a stalk. This stalked sporangium 
IB produced by the impregnated cell of the archegonium. It constitutes the second geneiation. 

Fig. 1226 Froihalhuin,p, of a Moss (Funarta hygrowHricn\ consisting of a congeries ol cells arranged 
in a filiform manner. This protliallium originates fiom the spore, and hears a bud, a, and a young 
stem, 4, from the base of winch roots proceed. This stem bears antheridia and aichegomu. An im- 
pregnated cell in the archegomum produces the stalked theca or sporangium. 

* Schimper, Recherches Anatoniiques ct Physiologiquos sur Ics Mousses, Strasburg, 1848. 
t Jipinlla or spcrmatozoids have been found in many Mosses, as in species of Sphagnum, Poly- 
trichum, Splachnum, Bryum, and llypnum. In the antheridia of I’olytrichura each cell contains a 
single spirillum, which shows rapid gyrations. 
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845. In leafy Mosses and Jnngermanniea* there is also an increase 
by buds. The confervoid filament produced by the spore gives origin 
to a number of buds (Fig. 1225), whence leafy stems proceed, and 
these leafy stems also produce buds or gemmeo, called innovations. 
There is thus a multiplication by reproduction and by gemmation, as 
in other plants. Thwaites thinks that the theca of Mosses and its 
contents are due to impregnation ; that the spore-mass in the theca is 
equivalent to the embryo, which divides by gemmation (sporangial or 
embryonic gemmation) into a number of separate individuals or 
sporules ; that these sporules give origin to other gemmte, which arise 



Fig. 



Hg. 1*227. 



Fig 1230 Fig. 12*29. 



Fig. 122H. 




Fip. 1231. 


from the confervoid filament or mycelium of the Moss in its early stale 
(mycelial gemmation) ; and that a third gemmation (or gemmation 


Fig. 1326. rrotliiillium of a Fcin. It la a flat cellular expansion of a green colour, lolied at the 
margin, and witli roots proceeding from its lower surface. On it arc produced aiilheridia containing 
spermatozoids, and archegonm. 

Fig. 1227. Prothallium of a species of Ptcris, with two lobes and with roots ])Tocecding from one 
side. The name of protliallus and of pro-embryo is also given to these thalloid expansions. 

Fig. 1228. CcUular prothalimm of a Fern {rterit louffifolia), produced by a spore, a, and giving off 
a root, r, at one end. It consists of numerous cells, and it gives origin to antheridia, and pistillidia 
or archegonia. 

I’lg. 1229. Antheridia from the prothallium of the Common Urake (Pteria aquilina). a. An un- 
opened antheridium ; b, antheridium bursting at the apex, and discharging free cellules, each con- 
taining a spemiatozoid ; c, antheridium after the discharge of the cellules. 

Fig. 12W. A spermatozoid with cilia, discharged from a cellule in the antheridium of the Forked 
Spleeuwort (Aaplenium aeptentrionale). 

Fig. 1281. Archegonium of the Forked Spleenwort (AipUmium aeptfntrionaU) immediately after 
impregnation, a, Canal leading to the ovule or large cell, c, at the base of tlie archegonium ; c, nu- 
cleated embryonic cell, whence the sporangiferous frond proceeds. Spermatozoids from the antlicri- 
dium reach the canal of the archegonium, and impregnate the ovule. 

Fig. 1282. Young plant of a Fern {Pteria paleacea), showing the commencement of tlic sporangi- 
fcroiis frond, /, arising from the impregnated ovule in the archegonium , the prothallium, p, being still 
attached. 
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proper) is the production of gemmiB or innovations after the Moss is 
fully developed.* 

846. In Ferns the prothallium, pro-embryo, or prothallus (Figs. 
1226 and 1227), bears antheridia and archegonia at the same epoch. 
It is produced from the spore, and consists of cells, as shown in Figure 
1228. The antheridia occur on the under surface of the prothallium, and 
they consist of a cellular papilla having a central cavity (Fig. 1229, a). 
This cavity contains free cellules, which are discharged by a rupture 
at the apex, b, and these little cellules, in bursting, give exit to a 
ciliated spiral filament or spermatozoid (Fig. 1230), which swims 
actively in water, advancing with a rotatory motion through the water 
when seen under the microscope. The archegonia (Fig. 1231) exist 
on the under side of the pro thallium, near the notch of the border 
(Fig. 1227). They are less numerous (varying from three to eight), 
and consist of cellular papilla^ formed by ten or twelve cells. They 
are larger than the antheridia, and have a central canal, a, leading 
down to a large globular cell, c, (called by some ovule) imbedded in 
the substance of the prothallium or pro-embryo, and containing the 
(‘mbryo germ, c. This canal is closed at first, and then opens. In 
the globular cell at the bottom of the arehegonium, a free cell is first 
formed, which, it is supposed, is reached by the sperm atozoids. 
Mercklinf says that he has seen spermatozoids in the canal of the 
arehegonium of Ferns. SuminskiJ thinks that the end of a sperma- 
tozoid is developed into the embryo-cell. After a time this cell 
divides, and is gradually converted into an embryo, with a bud above 
and a radicle below, from which the regular leafy stem of the Fern 
grows (Fig. 1232, /). The life of the sporangiferous plant is indefinite, 
as in Tree Ferns, while the j)rothallium is usually of very short dura- 
tion. Thus in Ferns the spores contained in the sporangium form the 
prothallus (Fig, 1228) without impregnation, and this latter process 
is necessary for the development of the germ (Fig. 1231, e), which 
gives rise to the leafy sporangiferous stem or frond ; while in Mosses 
the spore forms the prothallus and the leafy stem without impregna- 
tion, and this operation only causes the development of the stalked 
theca, or spore-producing part of the plant (Fig. 1224). Hofmeister 
says that in Mosses the arehegonium or rudiment of the fruit is like 
the ovule in Ferns; it contains a cell which becomes blended with the 
stem at one end (below), and forms a sporangium at the other end. 
Equisetaceie (p. 330) resemble Ferns in their reproduction and alter- 
nation of generation. Thuret found sperm -cells in the young state of 
the fronds of Equiseta. § 

* Thwaitea conjectures that the tctrasporcs of FlondcK* (Fig. 1035, p. 349), and the opseospermata 
of CheptophorcBe, and the terminal spore of VauchenaCFig. 1037, p. 360), are true gemmse. 

+ Merckhn, Beohachtungen an dem Prothallium dcr Farrukrautcr, St. Petersburg, 1860. 

t Lezc/yc-Suminski, Entwickelungs-gcsrhichteder Farmkrauter, Bcrhn, 1848. SecAnnalsof Nat. 
Hist. 2d ser. iv. 389. 

i Thuret, sur les Auth^ridies des Foug^ret, m Ann des Sc. Nat. 3d ser. ilot xi. 5 Mcttenius, 
Bcitrage zur Botanik, 1860, p. 22. Milde, de Sporamm Equisetornm Germinatioue, m Linnsea for 
1860, 645 Mildc, ueber Anthendien bei kciinenden Equisetcn, in Bot. Zeit for 1860, yiii. 448. 
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847. Hofineister and Mettenius* have exammed the reproduction 
of Club Mosses (Iiycopodiace®), and have detected antheridia and 
archegonia. They find that the small spores of Lycopods discharged 
from the antheridia (Fig. 1233) do not produce new plants, but have 
an office analogous to that of the iwllen, namely, to effect the fertili- 
zation of a germ produced by the large spore (Fig. 1235). The small 
spores contain cellules with spiral filaments or spematozoids (Fig. 
1234, <•) ; the other spore emitted from the oophoridium or sporangium 
(Fig. 1235) is much larger than the pollinic spore, and is the ana- 



logue of the ovule. The large sjmre forms a cellular prothallium 
in its interior (Fig. 1236, p), on which archegonia aie developed.-}- 


Fig 12i3 AutLendiuni of a Club Moss (J ycopodium), containing small spoics, which arc cells 
containing spcrmato/oldal cellules as seen in Figure 12^4 

Fig 12M Small spore (puUinic sport) of a Lycopod ( Selaginella hehrhcd), bursting and discharging 
cellules, c, containing spcimatozoids 

Fig 1235 Oophoridium or sporangium of a Club Moss (f vioj)odinm) opcnuig, and showing foui 
laige spores in its interior These large spous oi ovules contain a cellular prothalliura in their 
interior, btTring archegonia 

Fig 1236 Large sport discharged from the oophoridium of a Lycopod {Selaginella 
with tilt outei coat lemovcd to show tht young cellulai protlmlhum, p, at the upper tiid 

Fig 1237 Verticil section of the proth illium and uppti h ilf of a largt spoie of a I j copod (jSeZa- 
qinella dinticulata) There are several aiclugoma, and in ont of them, at a, there is a central fice 
cell, whence the leafy frond ultimately proceeds 

Fig 1238 Vertical section of a sm ill portion of the prothallium and upper part of the large spore 
of a Lycopod {Selagtnella denticiilata) showing tht embryo, e, developed from a central cell of one 
of the archegonia, a, earned down by the giowth of the suspcnsoi, so as to bt imbedded m the etl- 
lular tissue at the upper part of the spore 

Fig 1239 The small sport of a Rhirocarp {PiMarta globuUfrra, Pilltoort) The inner coat is pro- 
truded, and tlie outer coat has burst, so as to discharge cellules containing spermato/oids Some of 
the spermatoroids are separate, and are seen coiled up in a spiral form 

* Mettonius, Bcitrugc zur Botanik, Heidelberg, 1650 

t Muller, on the Development of Lycopodiaceee, m Bot Zeituiig, trons in Ann of Nat Hist Ist 
senes, x\x 27 See also Henfrey, m Garden Companion for May 1852, p 70 
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The process of impregnation is supposed to take place here by the 
spermatozoids of the small spores coming into contact with the large 
spore, after the coat of the large spore has burst at its apex, so as to 
expose the cellular prothallium and its archegonia (Fig. 1237, a). 
The free central cell of the archegonium then enlarges, divides, and 
elongates into a filament, which grows down into the prothallium 
(Fig. 1238). A suspensor is thus formed, at the end of which is the 
embryo, c, imbedded in the cellular tissue at the upper part of the 
large spore. The embryo finally produces its radicle and its bud, 
which is developed as the leafy frond. In Ehizocarps* the antheridia 
are sacs containing small spores, which emit cellules with spermato- 
zoids (Fig. 1239). The large spores contained in the sporangia of 
Ehizocarps (Fig. 1240) produce first a prothalliiim like that of Ly- 
copods, in which archegonia appear (Fig. 1241). The prothallium 
usually (Icvelopes only one central archegonium. To this the sperma- 
tozoids get access, and then the development of the embryo takes 



Tig 1210 



t)hice, as seen in Figure 1242, where the cellular embryo within the 
lirothallium has attained a large size.-j* 


lig. 1210 LaigcBpoxeof a Kln^ocarp (Marstlea, Pfppertcurt), which contains a cellulnr proihdl 
liuiu bearing archegonia. The luamiuillary projection is tlie point whence tlie gemmation of the cni- 
1)1 yo proceeds after impregnation. 

Fig. 1211. Vertical section of prothallium ol a Rhizocarp {rHulnria glohuhjira), containing a ctn- 
ti.ll auhegonuini, a, before impregnation. 

Fig. 1242. Archegonium, a, of a lUiirocarp {Pilularia glohuHfcra) cut vertically nftci impregnation, 
showing the prothallium, with the embryo m its interior m an adianccd state. This embiyo guts 
01 igm to the leafy stem. 


* Mctteiuus, Beitrago zur Keiintniss der llhuocarpcen, Frankfurt, J846. Kfcgcli, sur la Propa- 
gation des llhizocarp6es, in Ann. des Sc. Nat 3d scr. Bot. ix. 99. 

t For full details relative to Cryptogamic Reproduction, the student may consult the following 
woiks .— Agardh, sur la Propagation des Algues, m Aun des Sc. Nat 2d ser. v 193. Lehrbuch 
der Botanik. Berkeley and Broome, on the conversion of Asci into Spores m Fungi — Biitish Assoc. 
Proc. 1861, p 70. Cohn, on lleematococcus — Nova Acta, xxii., and on Stephanophrora, in Ann. Nat 
Hist 2d ser. x. 401. Deibcs et Sober, sur les Organes Reproducteurs des Algucs, in Ann. des Sc. 
Nat. 3d scr xiv. 261. llassall, on British tiesh-water Algu* lledwig, Theona Generationis et 
Fructiticntiuuis Plantarum Cryptoganucarum. Hcnfrey, on the Reproduction and supposed existence 
of Sexual Organs in the higher Cryptogamous Plants, m Report of British Assoc, for 1861, p. 162 
On the lleproduetion ot the Higher Ciyptogamia and Pliuueiognmia. in Ann. of Nat. Hist. 2d scr 
IX 4tl. Hofnicisler, vei gleiclieiide Untersuchuiigen der Koimung, Entfaltung uiid Fruchtbildung 
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B. Formation of the Embryo in Phanerogamous or Cotyledonous Plants. 

848. In these plants we meet witli conspicuous organs of reproduc- 
tion in the form of pollen -hearing stamens and ovule-producing pis- 
tils. In some instances these organs are obscure or abnormally de- 
veloped, and hence apparently has arisen the idea that perfect seeds 
have been produced without the action of pollen. These cases have 
already been noticed at page 555. The anomalies occur in unisexual 
plants, in regard to the impregnation of which there is great likelihood 
of erroneous observation. Believing that noihing has yet transpired 
to prove that pollinic and ovular cells are not concerned in Phaneroga- 
mous reproduction, we now proceed to trace the steps of this process 
first in Gymnospermous, and then in Angiospermous Phanerogams. 


a. EMURYoaKNr in gymnospermous phanerogams. 

849. In Gymnospermous plants, such as Conifera^ 1243) 

and Cycadacea (Fig. 1244), impregnation is effected by direct con- 
tact between the pollen and the ovule. There is no tnie ovary 
bearing a stigma. In the (!onifcra5 the scales covering the seeds are 
either reckoned as bracts or as expanded ovarian leaves (Fig. 1245). 
In Oycadacese the naked ovules are produced on the margin of modi- 
fied leaves. In both these orders it is usual to meet wdlh more than 
one embryo in the perfect seed. In the (Coniform there is also a pecu- 
liar delay in the production of the embryo, after the conltict of the 
pollen. The phases through which the embryo j)assc*s in the seed 
may be reckoned as somewhat similar to th(;sc observed in the case of 
Lycopodium. Brown long ago noticed in the albumen of (coniferous 
seeds, semicylindrical bodies, three to six in number, wdiich Ijc called 
corjmscles (Fig. 1248, d). I’hey are arranged in a circle near the 

Uohercr Kryptngaraer, Leipzig, 1846. Ueber die Fruchfbildung und Keimung dcr hoherer Krypto* 
gamcn, in Bot. Zcilung for 1840, \ii. 793, translated m Botumcul Gazette, li. 70. Itzigsohu, de I’ex- 
iatence des Spermatozoides dans rertnines Algnrs d’eaii douce, In Aim des Sc. 3d ser. xvii. 160. 
Kaulfuss, das Wesen der Furrnkraiitcr besouders ibrcr Fruclitheilp, &p, Leipzig, 1827. Les/ezye- 
Rumiuski, sur le ddveloppenipni des Fougeres, m Ann. des Sc. Nat. 3d ser. Bot. xi. 114. Milde, zur 
Kcnntmss der Equiseten m Nova Acta Nat. Cunos. xxiii. part li. 567 ; zur Entwickclungs-gescbiclite 
der Equiseten und Rhizokarpen— Nova Acta, xxiii. part ii. 613. Pnngsheini, Entw'ickeluiigs-gcs- 
chichte der Acblya prolifcra, m Nova Acta, xxiii. part i. 395. Ralfs, on the British Desmidica;. 
Schacht, Beitruge zur Entwickclungs-gcscluchtc dcr Farmkrauter, m Liiiiiwa for 1849, 763. Ueber 
Antheririeu der Lebermoose, in Botan. Zeitung for 1852, x. 163. Siebold, sur les Plantes ct les 
Animaux uuicellulaires, in Ann. des Sr. Nat. 3d series, xii. 138. Tburet, sur les Anth6ri(lics des 
Fougbres, in Ann. des Sc. Nat. 3d ser. xi. 5. Bur les Zoospores des Algues et les Antb^rulies des 
Cryptogames, in Ann. des Sc. Nat. 3d senes, Bot. xiv. 214, and xvi. 6. Tulasne, sur FAppareil lle- 
producteur dans les lichens et les Cbumpignons, in Ann. des Sc. Nat. 3d ser. xv. 370. llist. Organog. 
ct Physiol, des Lichens, ui Ann. des Sc. Nat. 3d ser. xvii. 163 ; and Comptes lUndus, 1861 Unger, 
sur les Anthhres des Mousses, et sur les Animalcules Spermutiques qu’ellcs contiennent, in Ann. des 
Sc. Nat. 2d ser. xi. 267. Sur les Animalcules Spermatiques des Plantes, in Ann. des Sc. Nat. 2d 
ser. xi. 271. Valentine, on the Development of the Tlieca, and on the Sexes in Mosses, in Linn. 
Trans, xvii. 466. Wigand, zur Entwickelungs-gcschichte dcr I’aiTnkrauter, in Bot. Zeit. Jan. and 
Feb. 4849 i and Ann. des Sc. Nat. 3d ser. Bot. xi. 126. 
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apex, and differ from the mass of the albumen in colour as well as 
consistence. In Pinus sylvestris and P. austriaca the number of 
corpuscles are three to five, in Abies balsamea and pectinata three in 
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general, and in Abies canadensis, Taxus, and Juinpeius, four, larely 
five 01 moie. In each of these cor^uiscles there is a distinct embryonal 
tiiniculus. These funiculi often lamify, and each of their i amifications 
leiminates in the ludiment of an embryo (Fig. 
1251, 2). The coipnscles in Pinus are not 
developed, accoiding to Blown, until the spring, 
01 even beginning of summer of the year after 
floweiing,^ In (^ycadacem the enlaigcment of 
the fiuit, the consolidation of the «ilbumen, and 
the complete formation of corpuscnla in its 
apex, aie wholly iiidejiendent of male influence, 
'as Blown has piovtd in cases w lie re pollen 
could not have been applied, namely, in Cycas 
and Zamia, pioducing female floweis in England at a time when 
male floweis wcie not known to exist in the countiy.f 



Fig 1245 


lig 1241 A Couiftroua tree, tlie Stone pine, mhicU belongs to the G j miiospermous duision ol 
Phincrog ims, the si cds being naked, that is, not cuniuined in an ovary with n stigni i The S( cds ai t 
111 cones 

hig 1244 AC}cidiceoua pHutC^V^* belonging also to the Gj innospermous diMsiou 

The steds iie piodiirod on the edge of abnormal leaves 

lig 1245 Fistill ite flower of a Pim , oonsistiiig of a scale, rca, which is a liaiduied brief, and two 
ovules, ot attached to its base, tin , the foiamtn of the ovult llio ovules arc n ikcd, not being con 
tamed in a tiuc ovary 


* Blown, on the Plurality and Development of Embryos in the Seeds of Conifcia— Bnt Assoc 
Tran 1834 Annals of Nat Tlist Ist ser xni 368 Aunales dcs Sc Ait 2d sei xx 193 

+ Brown, on liemalc h lowers of Cj cadesc and Comfertc, Appendix to Capt King’s Voy 1826, u 636 — 
Bnt Assoc Report, 1836, p 596 Ann des Sc Nat vui 211 
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850. Mirbel and Spach* examined tlio seed of the Yew, and 
found that the ovule at first appeared as a mere bag of mucilage con- 
taining rudiments of cells which arrange themselves in a honeycomb 
manner. After impregnation, active changes begin in the primitive 
cells. They send out tubes which pass irregularly into the cavity of 
the young seed, and after ceasing t(> lengthen form cells at their ex- 
tremity, which are the rudiment of the embryo. The tubes act as 
suspensors and finally disappear, while the cells at the end multiply 
and form the embryo with its cotyledons. 

851. The subject has been recently examined with great care by 
Hofmeister,-i- and the following are his views. The ovule of Conifers 
consists of a short nucleus inclosed in a single integument, and having 
a large micropyle (Fig. 1246). In the delicate cellular nucleus there 
is develo})ed an embryo-sac, 5, sometimes more than one, as in the 
Yew tribe. The pollen grains enter the large micropyle and come 
into contact with the nucleus, and then send their tubes into its apex 
(Fig. 1247, c). This ju’oeess sometimes requires several weeks or 



rig 1240 Fig 1247 lig 12 IS 


months. Pincau says, that in the Scotcli Fir a >ear elaiiscs before tlie 
tubes reach the sac. After this the cmbr}o-sac (Fig. 1247, b)j be- 
comes gradually filled with cellular tissue or endosponn cells, and at 

Fig. 1246 Vcrtipal Beotion of the ovule of the Austrian Pine avsft lara), shoHiiig the nucleus 
a, consisting of delicate cellular tissue coiitaiiimg deep in its suhstunce an einbiyo-sac, b, formed 
before inipi egnatioii by (lie eoaloscencc of a vertical senes of a few cells The micropyle, m, is veiy 
wide, and thioughittbc pollen>grama come into contact with the sumniii of the nucleus, into the 
substance of which they send their tubes. 

Fig. 1247 Veitical section of tlie ovule of the Scotch Fir {Pmns syhestns) m M.iy of the second 
year, showing the enlarged embryo-sac, 6, full of cndospermal cells, and polleu-tuhcs, c, penetrating 
the summit of the nucleus aftei the pollen has entered the laige nuciopyle of the ovule. 

Fig. 1248. Vertical section of the embryo-sac, b, and of pait of the nucleus, <?, of the ovule of the 
Weymouth Pine ( Finns Sirobus) At the niicropylar end of the embi yo-sac, tw o cells called corpuscles, 
d, have made their appearance. Farh of these is at fiist separated fiom the inner surface of the 
micropylar end of the sac by a single cell, wlucli afterwaids divides into four, leaving n passage from 
the surface of the sac down to the corpuscle The pollen-grain, c, on the summit of the nucleus, tlien 
sends down a tube which perforates the embryo-sac, and reaehes the corpuscle through the inter- 
cellular canal. 


* Mirbel et Spach sur rEmbryogenic dcs Pimis Lnneio et sylvcstris, des Thuya orientalis et 
opcidcntalis, et du Taxus baccuta, m Ann des Sc. Nat. 2d str. xx 257. 

+ Hofmeister, vcrgleichendoUntcrsuchungen dor Kiiiniing, FntfaltungundFruchtbildunghohcrer 
Kryptogamen und der Samenbildung der Coiiifeicn, Lcipsie, 1H51. See Ileiifrey’s Keport m Jtnt 
Assoc. Report for 1861, p 122. Sec also Ilenfrcy on the Reproduction of the Higher Ciyptogauna 
and Fhanerogamia, m Annals of Nat Hist 2d sci ix. 4il 
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the same lime enlarges. This development of endosperm cells occupies 
frequently a long time, especially in the Ahietinea^, which rcMpiire 
two years to ripen their seeds. After the embryo-sac has become 
filled with cellular tissue, certain cells at the micropylar end of the sac 
enlarge and form the coi|)UScles of Brown, the secondary embryo-sacs 
of Mirbel and Spach (Fig. 1248, d). Each coqmscle is at first separated 
from the inner surface of the embryo-sac by a simple cell, which after- 
wards divides into four by the formation of two vertical septa crossing 
each other ; then a passage is formed between the inner angles of these 
cells leading to the corpuscle. In the cavity of each corpuscle free 
cells appear. After the corpuscles become evident, the pollen tubes 
resume tluur growth, pass through the tissue of the nucleus, and reach 
the outside of the embryo-sac, one over each corpuscle. The tubes 
then perforate the membrane of the embryo-sac, reach the canal be- 
tween the four cells, and come into contact with the corpuscle. (Fig. 
1248, d), A cell at the lower end of the corpuscle then enlarges, and 
forms the embryonal vesicle. A free cell in the vesicle divides into 


Fig 1249. 

eight cells by vertical and transverse septa, and these together consti- 
tute a short cylindrical cellular body (Fig. 1249), the pro-embryo^ as 
it is called by TTofineister. The four lover cells of this pro-embiyo, 
by the elongation of the upper ones (Fig. 1250), are finally pushed 
into the substance of the nucleus. The four elongated pro-embryonic 
cells (Fig. 1251, 1) now appear as isolated suspensors (Fig. 1251, 2), 
and the cell at the end of each suspensor becomes an embryo, g, Tlierc 
are thus four times as many rudimentary embryos as there are C()r{)us- 
cles. Usually one of these only becomes developed as the embryo of 
the ripe seed. 

Fig. 1249 Nucleated cells of what Ilofmcister calls the pro-embryo, in the ovule of the Wej mouth 
Pine {Phiufi fltrohvs). The cells arc pushed downwards into the cellular tissue of the nucleus by 
the elongation of the upper cells, which finally form the suspensor. 

Fig. 1250 Tlic same pro-cmbryonic body in the ovule of the Weymouth Pine, >%ilh the lower 
cells pushed farther down by the elongation of the upper suspensory cells. 

Fig. 1251. Suspensors taken from the ovule of the Weymouth Pine (Ptnus Strobv/^). In No. 1 
the four suspensors arc united. They form a cylinder composed of four elongated cells, and at the 
end, p, arc seen some of the lower nurleated cells of the pro-embrj’o. In No. 2 tlic suspensors have 
separated, three of thorn, a, arc cut off, and the remaining one, b, is connected with the embryo, p, 
at its extremity. 




582 


EMBRYOGENY IN ANGIOSPERMS. 


852. Pineau^ thinks that when the pollen tnbe comes into contact 
with the corpuscle, it bursts so as to discharge its fovilla into the 
corpiisclo. According to Geleznoff-j- the embryo is formed by a cellule 
which originates in the end of the pollen tube, and passes through an 
orifice into llie corpuscle. Scbacht also advances a similar opinion. 
He says that the pollen tube in such plants as Taxus, Pinus, and 
Abies, enters the corpuscle, and fills it either entirely or partially with 
cellules, these cellules being always in the interior of the pollen tube, 
and forming the nidiment of the embryo.J 

853. The view which seems to be supported by the best physio- 
logists is thus given by Henfrey. In Conifers and Cycads, which 
embrace Gymnospermous jdants, the pollen grains are applied to the 
micropyle of the ovule, without the intervention of a stigma ; they 
then traverse the cells of the nucleus, and reacli the embryo -sac. 
The endospcrmal cells which fill this sac develope corpuscles consist- 
ing of an enlarged cell surmounted by four others, which leave a canal 
between them leading to the large cell. Henfrey thinks that this re- 
sembles the Archegonia of Selaginella and Ferns. The pollen tube 
enters the canal between these cells, ami impregnates the large cell of 
each corpuscle, just as the spermatozoid acts in the case of Ferns. 
The large central cell then produces four suspensors, each of which 
presents at its extremity a nidimentary embryo, only one of which be- 
comes fully developed. The growth of the suspensors down from the 
central cell, Henfrey thinks, is analogous to the growth of the susi)ensor 
in Selaginella and Isoetes. We observe a marked development of 
endospcrmal cells extending over a considerable ])eriod, and thus 
making an evident interval between the entrance of the pollen tubes 
and the production of corpuscles. Henfrey is disposed to look upon 
the endospermal cellular development as analogous to the prothallinm 
produced within the large spore of I jy copods, and which in other 
Cryptogams, such as Feras, is not produced within the spore, but 
grows out from it in the form of a green expansion bearing both 
archegonia and antheridia. § 


6, RMBRYOGFNY IV ANGIOSPKRMOUR PHANEROGAMS. 

854. In regard to Phanerogamous Angiospemis, when the pollen 
grains are discharged from the anther, they are applied to the stig- 
matic surface of the pistil, and the viscid fluid there secreted causes a 


* Finean, sur la formation de J’Embrjon ehez les ConU^rcs, jn Ann. dea Sc Nat. 3d aer. Bot. 
xi. 83. 

t G^l^znofT, aur rEmbryogenie du Melczc — Bull. Sor Nat. de Moscow, xxii. and Ann. dea Sc. 
Nat. 3d ser. xlv. 188 

t Schaebt, Kntwickelnnga-geachichtc doa Fflanzen-embryon, Amaterdam, 1850. 

\ For a full view of the analoglea between reproduction in Cryptogams and Gymnoaperms, see 
Uenfrcy’a Paper already referred to. See also Conlu, Bcltragc zur Lchre von der Bcfruchtung der 
Pflanzen in Nova Acta, xvii. 699, for an account of the Enilirj’ogenic proceaa in Finua Abies. 
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rupture of the ex tine and the protrusion of the intine in the form of a 
tubular prolongation, which gradually elongates as it proceeds down 
the loose conducting tissue of the style. At the period of impregna- 
tion, GrifiSth noticed an oscillatory movement in the pollen tubes of 
Dischidia. 

855. There were formerly differences of opinion as to the mode in 
which the influence of the fovilla was conveyed to the ovules. Hartig* 
maintained that in many instances the tube did not reach the ovule, 
but that the fovilla during the latter part of its course was conducted 
by tbe tissue of the style. Brongniart also thought that the pollen 
tubes burst at their lower end, and that the fovilla was conveyed by 
the conducting tissue to the ovules. Almost all physiologists, how- 
ever, of the present day believe that the closed extremity of the 
pollinic tube sooner or later comes into contact with the ovule. In 
some cases it appears to be met by a tubular prolongation from the 
ovule itself. Moyen noticed in Phaseolus and in Alsine media, and 
Griffithf in Santalum album, that the apex of the embryo-sac is very 
miicli prolonged upwards so as to meet the pollen tube. Professor 
Dickie J observed similar ovular tubes in tbe case of Euphrasia offici- 
nalis and Odontites, Niirthecium ossifragum and Veronica. In Eye- 
bright (Eujdirasia) the ovule-tube is less than 1 -3000th of an inch in 
diameter. 

856. When the pollen-tube reaches the ovule it proceeds through 
the foramen or micropylc so as to come into contact with the embryo- 
sac (Fig. 1208, 5, p. 566), Consequent on this is the development of 
the cellular embryo. The determination, however, of the steps of the 
embryogenic process has given rise to disputes among physiologists. 
Some maintain that the end of the pollen-tube enters or introverts the 
embryo-sac, and becomes the nidimental cell of the embryo, others, 
that the tube merely comes into contact with the sac, in which a ger- 
minal vesicle has been previously formed ready for impregnation. 
Much has been done of late years to clear up the difficulties of this 
controverted matter, and there seems to be now a more general agreement 
among physiologists in regard to the principal facts of embryogeny. 

857. In the year 1837 Schleiden advanced a view of embryogeny 
which has received a few supporters. He states that a cell of the 
nucleus is developed into the embryo-sac (the quintine of Mirbel), seen 
in Figure 1252, s, and that this occurs in all Phanerogamous plants ;§ 
that the embryo-sac contains a substance which is gradually trans- 
formed into cellular tissue, and which ultimately constitutes (when not 

* Hartip, Neue Theoric dcr Befruclitung der Pflanzen. 

+ Griffith, on the Ovule of Santalum album, in Linn. Trans, xviii. 69; on the Ovulum of Avicennia, in 
Linn. Trans, xx. 1 ; on the Development of the Ovulum, Notula iu Plantas Asiaticas, 1847, p. 133. 

t Dickie, on the Physiology of Fecundation in Plants, in Annals of Nat. Hist. Ist scr. xvii. 6 ; on 
the Ovule of Euphrasia officjinalis, in Ann. of Nat. Hist. 2d scr. i. 260. 

4 Schleiden examined at least 600 plants of the most different families (about 160), and states that 
he never failed, at least in the earlier stages, to extract the embryo-sac in whole or part. The demon- 
stration of the sac, he says, is easiest in New Zealand Flax (Phormium tenax), the Almond tribe, 
Water-lilies, and some of the Cucumber tribe. 

2q 
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absorbed by the growth of the embryo) the endosperm or albumen^ 
that the pollen tube can be traced from the stigma to the micropyle 
in a very large number of plants, and that in 
Helianthemum dentatum he has not unfreqiiently 
extracted the pollen-tube free, in unbroken con- 
tinuity, from the pollen-grain to the ovule ; that 
the tube next reaches the embryo-sac, s, the walls 
of which it presses in before it, and thus becomes 
surrounded by it, although in reality external to 
it, like the intestines and their peritoneal covering; 
that in some instances it causes absorption of the 
walls of the sac and enters it, and that the end 
of the pollen-tube, e, forms the rudiment of the 
embryo or the germinal vesicle, in which cells 
are developed from cytoblasts, while a portion of 
variable length, at the upper part of the tube, 
remains as the suspensor or embryophore. He 
apidies these views to cases of polyeinbryony, 
as occurs in Coniferae and (lycadaccm, as well as in the Mistleto and 
other plants, and considers that the plurality of embryos depends 
on more than one pollen- tube having entered the foramen of the ovule.* 
These opinions were adopted by Wydlerf and Geleznoff, J and of late 
they have been supported by Schacht,§ who also states that the pollen- 
tube occasionally branches, so that one tube may give origin to several 
embryos. 

858. I'he view\s of Schleiden, when first propounded, stimulated 
all vegetable physiologists. The facts were new, and seemed to upset 
all former ideas as to the nature of the stamens and pistils. Mirbcl and 
Spach, Meycn, Amici, Hofmeister, Muller, Tulasne, and others, entered 
the field, and the result has been that Schleiden's opinions have not been 
confirmed. These authors agree in tracing the ]>ollen tube downw^ards to 
the ovule, and they maintain that in the embryo-sjuj there exists one 
or more vesicles before impregnation, and that one of these vesicl(‘s, 
after the impact of the pollen tube with the embryo- sac, becomes altered 
and enlarged, so as to form the rudiment of the embryo. 



Fig. 1262. Ovule of Philydrum ianuglnoaum, shortly after inipregnation, according to Schleiden 
The pollen-tube, t, has reached the foramen (micropyle), and has passed through the ovular canal to 
the nucleus and embryo-sac, s; it has entered the latter either by perforating its walls or by intro- 
verting them. The end of the pullen-tubc, er, according to Schleiden, cousUtutes the first cell of the 
embryo. 1, the primine ; 2, the secundine ; cA, the chalaza ; r, the raphe. 

* Schleiden, einige Bhcke auf die Entwickelungs-geschirhtc der Veget. Organism— Wiegmann, 
Archiv. 1887. Um Bildung des Eichens, und Enstehung des Embryos bei der Fhanerogamen— Nova 
Acta, xix. part 1, 27. Sur la formation de I’OvuIe et TOriguiedel’Embryon dans les Phandrogames, in 
Annales des Sc. Nat. 2d ser. xi. 129. Ileciierches sur la Phytogensie, in Anuales des Sc. Nat. 2d ser. 
XI. 242 and 362, translated in Taylor's Scientific Memoirs, ii. 261. 

f Wydler, sur la formation de PEmbryon, in Annales des Sc. Nat. 2d ser. xi. 142. 

X 6dl6znoff. ueber die Bildung des Embryo, in Bot. Zeitnng, 1843, 841. Bullet, of Imp. Nat. 
Hist. Soc. of Moscow, xvi. 

k Srhacht, Entwickelungs-geschichte des Pfianzen-Embryon, Amsterdam, 1850. 
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859. In 1839, Mirbel and Spach* examined the embryogeny of 
grasses, and especially of the Indian Corn (Zea Mais) a monoecious 
grass, and they were led to contradict the views of Schleiden, and to 
maintain that he had mistaken a cell of the ovule for the extremity of 
tlie pollen-tube. They showed that before the pollen was ripe, a cell 
was developed in the ovule, which they called the primary utricle, and 
that this came into contact with the pollen-tube, so as to produce the 
embryo. Giraudf and WilsonJ made similar observations on the for- 
mation of the embryo in Indian Cress (Tropajolum majus), and both 
are opposed to Schleiden^s views. Meyen§ published a series of 
observations on various species of Mesembryanthemum, especially M. 
pomeridianum, in which he noticed an adhesion between the pollen- 
tube and embryo-sac, a discharge of part of the contents of the 
former without any entrance of the tube into the sac, and the forma- 
tion of a germ-vesicle which gradually elongated by the production of 
cells, and ended in a globular body which formed the embryo. 

860. In 1847, Amici, on examining Ciicurbita Pepo, stated that 
he found a hollowing out of the nucleus or central part of the ovule, 
in such a way as to form a sac, in which tliere existed an embryonic or 
germinal vesicle before the application of the pollen. He traced the 
pollen- tube down the style to the ovule, so as to come into contact 
with the vesicle. In this stage a penetration of fluids took place, 
and thus the act of fecundation was accomplished. The embryonic 
vesicle after this increased, the development of cells took place at its 
base, that is, oi)posite to the part where the pollen- tube exerted its 
influence, the pollen-tube disappeared, and finally the vesicle became 
full of parenchyma in which the embryo was develo})ed. In Orchis Morio 
he traced in the same way the pollen-tube (Fig. 1253, t) to the upper 
portion of the embryo-sac, c, vhere the germinal vesicle had been pre- 
viously formed. Imbibition of fluid then took place between the end 
of the tube and vesicle, giving rise to the development of the embryo 
at the lower end of the vesicle, and the elongation of the upper part 
in the form of a confervoid filament, which acted as a suspensor of the 
embryo. 1 1 

861. Hofiiieister,^ in 1847, examined the mode of fecundation in 
species of QEnothera, Godetia, and Boisduvalia, and the result of 
his researches was, that he found an embryo- sac containing at first 
numerous granules from 1 -3500th to 1 -3000th of a line in diameter, 

* Mirbtl et Spach, sur I’F.mbryogenie V<5g#tale, in Annales doa Sc Nat 2d aer xi 200 and 3S1 
t Giraud on Vegetable Embtyology, in Ann of Nat Iliat lat aer v 226 On the Oiigin and 
Hevelopraeut of the Fnibryo in Trupaolum niigua, m Linn Irana xix 161, Ann Nat lliat ix 216 
$ Wilaon, Reaearchea in Embryogeny, Phytologist, i. 626, 667, 731, 849, 881 
j Meyeu, on the Act of Impregnation, and on Polyembryony, Jierlm, 1846. IVanalatcd in Taylor’a 
Scientidc Memoira, in 1. Also, aur la ftcondation dea Vtgetaux, Annales des N it 2d sc r xi 312 
li Amici, am la Iciondation dea Orchideea, in Ann des sc Nat 3d sei vii 193 tiom Pailatore 
Gioin Bot Ital Ann 2 

IT Holmeister, sui la mani^re dont s’opcrc la f» condation chez les GiHotherces, Bot Zeitung, No\ 
1847, Ann des Sc Nat 3d ser Bot ix tj5 Die Lusteliung des Embryo der Pbaneiogamen, LeipsU, 
1849, also in Annales des Sc Nat 3d sei xi 376 
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floating in a viscid mucilaginous fluid (protoplasm) ; in the midst of 
tliis granular matter certain nuclei appeared, whicli developed cells 
varying in numl^er from one to three or more (Fig. 1254, v). These 
nucleated cells appeared before impregnation ; one of them became 
pyriform, and touched the membrane of the embryo-sac by its conical ex- 
tremity, while its otlier extremity hung free in the embryo-sac. This cell 
is the germinal vesicle — the embr^onary vesicle of Amici. The pollen- 



Fig 125.i 


Fig 


tube, in passing through the niicropyle, is often contracted in its diameter. 
The end of it is expanded when it reaches the embryo-sac, to which it 
is applied either at the apex or neai it (Fig. 1254, t). Sometimes the 
end of the tube, still closed, introverts the sac, as seen in the Figure, or 
even perforates it, so as to come into contact with the germinal 
vesicle. In either case an endosmotic action takes place between the 
contents of the tube and the sac or the vesicle. In consequence of 
this action, cell-foimation begins in one, rarely more germinal vesicles. 
The vesicle inci eases, and is transformed into a compound cellular 
mass, which Hofmeister calls the pio-embryo. This divides into two 
by the fonnation of a septum ; the up])er part elongates, and forms a 
septate cellular suspensor, 6, while the lower portion becomes globular, 
divides into four, and is developed as the embryo, surrounded by endos- 
permal cells, e. 

862. In 1848, Mohl* confirmed the researches of Amici in his exa- 
mination of the Orchis Morio. In this plant he traced the formation 

Fig 1263. Section of ovule of an Orchis (OrcAw Jfono) showing the pollen tube passing through 
the endostome, and reaching the embryo-sac m the nucleus The closed and enlarged end of the 
tube, /, 18 applied to the sac, in winch a vesicle had been pieviously formed Transudation of fluids 
takes place, and the embryo, g, is developed at the lower end of the gerniinal nr embryonal lesicle 
while the upper part of the vesicle elongates, and forms a coufervoid suspensor 

Fig 1264. Section of the ovule of (Enothcra, showing the poUen tube, /, with its enlarged ex 
tremity applied to the end of the embryo-sac, and introverting it slightly , the germinal vesicle m the 
sac has been impregnated, and has divided into two parts, the upper part forming a confervoid septate 
suspensor, s, aud the lower dividing into 4 parts, which form a globular mass — the rudimentary 
embryo, surrounded by endospermnl cells, r 


• Mohl, sur Ic d^veloppemont de I’ Embiyon dans 1 Orchis Mono, Hot Zcitung, 1847, and 
in Ann des Sc. Nat 3d ser ix 24 
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of the embryo-sac and embryonic vesicle, and the descent of the pollen 
tubes. The ovule arises from the placenta as a projecting cell, which 
by division becomes a cellular papilla (the nucleus) having a central cell 
(embryo-sac) surrounded by a simple cellular layer. The two coats 
grow over this, and by the greater elongation of one side the ovule 
becomes anatropous. The nucleus loses its cellular coat by absorption, 
and finally consists simply of an embryo-sac. Tn the apex of this sac, 
at the time when the pollen falls on the stigma, three cellules (em- 
bryonal vesicles) make their appearance. The pollen lubes pass down 
the style and finally reach the placenta, and enter, either singly or 
more than one, the micropylar canal of the ovule, and come into contact 
with the embryo-sac on the outside, close to the place where the 
embryonal vesicles lie. The pollen tube does not penetrate the sac. 
After this, one of the embryonal vesicles begins to swell, divides by a 
septum into two, the upper cell grows out in a filamentous form through 
the micropyle, while the lower cell enlarges and divides repeatedly, so as 
to form a cellular globule, the embryo. Hie filamentous jirolongation, 
apparently analogous to the suspensor, withers. Mold concludes by 
stating that he difiers from Schleiden in his views, and that he con- 
siders the jiollen grain not as a plant ovum, but as the male fertilizing 
organ. In the protaplasm of the embryo-sac, according to him, nuclei 
appear before the pollen tube reaches the sac, and thus give rise to the 
formation of germinal vesicles, one of which, after impregnation, gives 
origin to the embryo. 

863. Muller,* in 1848, examined tlie development of the vegetable 
embryo in Orchis Morio, Monotropa lf\popitys. Begonia cucullata, 
Elatine Alsiuastmm, and Epilobium angustifolium. The conclusions 
at which lie arrives are, that the pollen tube is applied to the embryo- 
sac for the purpose of supplying to it, by a process of endosmose, the 
fertilizing or fecundating matter wdiich is contained in the tube ; that the 
embryo takes its origin in a cytoblast, and not in the extremity of the 
pollen tube, Unger, -[- in 1849, made the embryo of the Hippuris 
vulgaris an object of study, and traced in this plant the various stages 
of embryo grow^th. His results are similar to those just noticed, and 
are at variance with the views of Schleiden. 

864. Tulasne J is the next vegetable embryologist who entered the 
field. His researches were carried on in 1849, and had reference 
principally to the natural orders Scrophulariacea>, Halorageaceae, 
Campanulaceae, and Cruciferm. He confirms in most particular the 
observations of Amici, Hofmeister, Mohl, and Muller. In (^ruciferse 
and Scrophulariaceae there is a large embryo-sac (Fig. 1255) in the 
midst of a cellular nucleus. At the upper part of the embryo sac 
embryonal vesicles are produced, b ; and in the lower and middle 


* MuUrr, sur le JX^vtloppement de I’Embryon Vdgdtale — Ann dos St Nat Bot 3d sci ix 33 
t Unger, Dio Eutwickolung des £mbtyo\on Hippuiis vulgaris, in Mohl et SchlechleDdal, Bit 
Zeit vii 329 

I Tulasne, Etudes d’Embryogeiiie Vdg6talc, Ann des Sc Nat 3d sei Bot xii 21 
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part of the sac a number of free cellules, c, called endosj)ermal cells (in 
which the albumen or endosperm is formed). The pollen tube, a, 
penetrates the apex of the cellular nucleus, and reaches the embryo- 
sac at a point removed from the vesicles. The impregnated em- 
bryonal vesicle, bj is next divided into two parts by a septum, the 
upper part being elongated into a cylinder, the suspensor, while the 
lower division, d, forms the embryo. The embryo then developes 
its different parts, the two cotyledons and the radicle with the first 
bud or plumule (Fig. 1257). In some plants, as Cruciferse, the en- 
dosperm preceding the embryo is entirely absorbed, so that the seed is 



ex albumin oil s ; in otheis it remains in ihe form of albumen surround- 
ing the embryo. In Nymphiea the endospermal cells remain as albu- 
minous matter inside the sac, and there is also a layer of albumen 
(exosperm) formed by the nucleus outside the sac. 

865. Henfrey* has made observation on the ovule of Orchis Morio, 


Fig. 1265 Section of part of the ovule of a spocu 8 of Speedwell {Vironitn tnphijllos), slu wing the 
pollen tube, a, passing through the cellul ir tissue of the nucleus, and reaching the cmbryo*8ac, which 
contains the rudimcntal embryo, d, attached to the sac by its suspensor, h, and endospermal cells, c, 
at the lower part of tlic sac 

Fig 1266 Embryo of the Whitlow-grass (Jhala verm), witli its suspensor The embryo, r, con- 
sists of a globular mass of cells, winch sliows the ongtnal four divisions The suspensor, consists 
of a linear senes of cells, developed from the upper part of the germinal vesicle, and ternuiiatcd by a 
large nucleated cell, c 

Pig 1267. The embryo in different stages of development 1 Embryo in young state as a 
globular mass at the end of a suspensor 2 and .3 Embryo more advanced 4 Embryo showing the 
division into two cotyledons 

lig 1268 Section of ovule of an Orchid (OrchuMono), showing the inner coat or secundme, t, the 
pollen tube, p, passing through the endostome to reach the nucleus ot the ovule, with the ( mhryo-sac, 
e The end of the pollen tube, is applied to the outside of the sac, in which there is a single germi- 
nal vesicle or embryonal vesicle, r, w^ch ultimately forms the embryo and its suspensor 

* Henfirey on the Ovule of Orchis Mono, in Linn Trans xxi 7 
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and states that the embryo is really produced by the ovule itself ; that 
the germinal vesicle (Fig. 1258, v) exists within the embryo-sac, e, 
before the pollen exerts its influence ; that the pollen tube, p, pene- 
trates the coats of the ovule to reach the embryo-sac, to which its 
extremity, t, is applied; and that the passage of the pollinic fluid 
through the intervening membranes impregnates the germinal vesicle, 
and determines its development into an embryo; that the germinal 
vesicle divides into two cells (Fig. 1259, v), the upper forming an 
articulated Conferva-like filament (Fig. 1260, /), which grows out 
from the sac, the lower enlarging so as to fill the sac and form the 
embryo (Fig. 1260, ^). Dr. Cobbold* has come to similar conclusions 
from the examination of the embiyogenic process in Orchis mascula. 

866. Dr. Sanderson made observations on Hippuris vulgaris, f the 
result of which is that he adopts more or less completely the views of 
Amici and Hofmeisler, in opposition to those of Schleiden. He finds 
the embryo vesicle developed in the interior of the embryo-sac (Fig. 
1261) before impregnation. The vesicle consists at first of a single 






¥\g. 1269. 1200. 

elongated cell attached to the fi’ee extremity of the embryo-sac. After 
impregnation the vesicle is transformed into a spheroidal cell, which is 
divided into two by a transverse septum ; the upper portion elongates 
and forms a septate confervoid filament (Fig. 1262, /), the suspensor ; 
while the lower assumes a spheroidal form, the embryo-globule (Fig. 
1262, e), and subsequently divides into four. Cells are produced in 
this globule, and finally the embryo is developed from it. He divides 
the essential phenomena of the embryogenic process in Phanerogamous 

Kg. 1269. Section of a portion of the ovule of Orchla Morio, showing the poUen tube, p, passing 
through the endostome, or foramen, in the secundine, and the extremity of the tube, /, applied to 
the embryo-sac, e, which contains the impregnated vesicle, v, now divided into two nucleated cells by 
a transverse septum. 

Kg. 1260. Embryo of Orchis Morio in a more advanced state. Tlie germinal vesicle, in the sac 
surrounded by the inner coat, s, is divided into two portions, y, the embryo globule, or the rounded 
mass of nucleated cells wliich form the embryo, and the confoivoid nucleated filament, /, which con- 
stitutes the suspensor. 




* Cobbold on the Embryogeny of Orchis massula, in Quart. Journ. of Microscop. Science, i. 90. 
t Sanderson on the Embryogeny of Hippuris vulgaris, in Annals of Nat. Hist. 2d ser. v. 260. 
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Angiosperms into three classes. 1. The development of the embryo- 
sac, or the separating and setting apait of a cell of the female organ 
for reproductive purposes. 2. Changes which take place in the cavity 
of the sac previous to impregnation. These consist in the development 
of a vesicle (probably always from a cytoblast) at the niicropylar end 
of the sac, and of endosperraal cells which serve a temporary purpose 
of nutrition. The vesicle (called embryo- vesicle, or germ vesicle) con 
tains a fluid gianular protoplasm. 3. Changes which take place in 
the embryo-sac after the act of impregnation, in other words, after the 
pollen tube has been brought into contact with the embryo-sac, and an 
interchange of their contents has taken place. These changes consist 
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in the enlargement and division of the vesicle into two parts by a 
transverse septum; the multiplication of cells so as to form a con- 
fervoid filament, and the development by endogenous cell-production 
(usually at the lower part of the filament, sometimes in the centre), of 
a globular body, which constitutes the future embiyo. 

867. Sanderson remarks that although in general but little benefit 
is to be derived from analogies drawn between the animal and vege- 


Fig 1261. Ovule of the common Hare’s-tail {H^ipuns vulgarts), with the raphe, r, proceeding from 
the hilum to the chalaza, c, the nucleoa, n, containing the elongated emhryo<8ac m which the germinal 
vesicle IB formed 

lig 1262 Embryo of the common Mare’s-tail (///fpuns vulgaru)^ after impregnation The vesicle 
has divided into two portions, the lower forming a globular cellular mass, the rudiraental embryo, e, 
the upper forming a confervoid iUament, the suspensor, /, which proceeds upwards in tlie elongated 
embryo-sar, part of which » seen at the apex Nucleated cells surround the sac, and there are nucleated 
cells in the embryo 
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table kingdoms, and in many instances such analogies lead to erroneous 
conclusions,* yet as, in the present instance, they seem to be pretty 
evident and well marked, it may not be uninteresting to consider their 
general outline. They are contrasted in the following way : — 

I. Individualization of a cell of the female organ for reproductive 

puri)oses. 

Animal. VoRCtablc. 

Ovulum. Embryo-sac. 

II. Changes in this cell before impregnation by development of 

nucleus and nucleolus. 

Animal. Vegetable. 

Germinal vesicle, or germinal spot. Embryo vesicle, or germinal vesicle, 

and cytoblast. 


III. Changes in this cell after the act of impregnation. 


Animal. 

1 . Development of 2 cells from ger- 
minal spot. 

2. Further multiplication of colls 
within the germinal vesicle, 
which become ultimately ab- 
sorbed. (Cleavage of yelk mass.) 

3. Conversion of yelk mass into the 
embryo, or development of em- 
bryo on its surface. 


Vegetable. 

1. Division of 2 cells in embryo 
vesicle. 

2. Multiplication of cells in embryo 
vesicle, which become ultimately 
absorbed. 

3. Conversion of contents of embryo 
vesicle into the embryo. 


868. The following may be given as a Resume of the facts ascer- 
tained relative to the process of impregnation in Angiospermous 
Flowering plants. The pollen grains are applied to the stigmatic 
portion of the pistil, and by the action of the viscid secretion of the 
stigma a sort of germination commences — often in a few minutes, 
sometimes not for many horn’s, by means of which minute tubes are 
developed from the inner lining of the grains. These tubes, by con- 
tinuous growth at their ends, are elongated, and pass through the con- 
ducting tissue of the style into the ovary — attaining, in some long-styled 
plants, a length exceeding the diameter of the grain many thousand 
times. Before the tubes reach the ovary the ovules have undergone 
changes in their interior ; the embryo-sac has become enlarged, so as 
sometimes to occupy nearly the entire nucleus, as in Orchid ace» and 
Compositaj, and occasionally, as in Santalum, Osyris, and Avicennia, 
to project out of the micropyle in the form of an ovular tube or bag.^ 

* Dr. Sanderson remarks, that the terms placenta and ovule apply to organs in plants which are 
not the analogues of organs so called in animals. The terms, as applied botanically, are misnomers. 

t Griffith states that in Osyris, Santalum, and Avicennia the cmbryo-sac, after the application 
of the pollen, enlarges, so as to be on tho outside of the nucleus or body of the ovule— -Linn. Trans. 
XX 1 . 
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The protoplasmic matter contained in the embryo-sac immediately 
before impregnation becomes altered, so as to produce endospermal 
cells. Nuclei appear in the protoplasm at the upper end of the sac 
next the mieropyle. These nuclei, which are usually three, give origin 
to as many cells, which are termed the geiminal or embryonal vesicles, 
and which are essential for the formation of the embryo.* The pollen 
tube, subsequent to this, reaches the upper part of the embryo-sac, 
after penetrating through the mieropyle and any nuclear cells that may 
lie between it and the sac. 

869. On reaching the embryo-sac the pollen tube is either 
arrested or it elongates still more, so that its swollen extremity pene- 
trates laterally between the embryo-sac and the surrounding cellular 
tissue, or in certain rare instances (as in Nai’cissus poeticus. Digitalis 
purpurea, and Campanula Medium) introverts the embryo-sac, and even 
penetrates it (as in Canna), so as to come into contact with the ger- 
minal vesicles. When the end of the tube comes into contact with the 
sac, it is probable that there is a transudation of the fluid matter of the 
fovilla, which passes through the membrane of the pollen tube, through 
the embryo-sac, and through the wall of the germinal vesicle, and 
thus impregnation is effected. After reaching the sac, the pollen tube 
begins to decay; its contents acquire a granular, half- coagulated 
aspect ; and it finally disappears by absorption. It usually happens 
that only one germinal vesicle is impregnated, and in the progress of 
its subsequent growth it causes absorption of the others ; sometimes, 
however, several are impregnated, and thus there may be a plurality 
of embryos formed (polyembryony). The impregnated vesicle en- 
larges, accpiires an ovate, cylindrical, or clavatc* form, constituting the 
pio-embryo of Hofmeister, The vesicle divides in all cases by a 
transverse partition into two cells, one above the other ; the lower 
of these produces cellular tissue in its interior, and is sometimes at 
once transformed into the embryo. At other times, and more fre- 
quently, there is a successive production of cells in the pro-embryonic 
body, so that the upper division of the vesicle forms a confer void- 
like filament, the suspensor, while the lower is transformed into a 
globular cellular mass, which is the rudiment of the embryo. The 
suspensor is sometimes of great length ; thus, in Draba verna, it is 
three times the length of the embryo, and in Gnetum it is three and a 
half to five inches in length, while the whole seed is only one inch 
long. It is attached to the radicular end of the embryo, while the 
cotyledons are formed at the opposite side. In monocotyledons a 
single sheathing cotyledon is developed ; in dicotyledons two opposite 
leaves, and after their formation the apex produces the terminal bud 
or plumule. The embryo is thus suspended in an inverted manner in 
the seed. In the progress of development a marked division takes 


* In Lychnis Qithago there is only one vesicle ; in Fonkia ceerulea four or more ; and in Canna 
one vesicle displaces the rest before impregnation 
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place below tlie radicular extremity and the susi)ensor, and the latter 
finally shrivels. 


General Qonclusiom in regard to the Embryogenic Process. 

870. Such, then, are the most important views relative to vege- 
table embryogeny, and we are enabled, from the observations which 
have been made, to draw the following conclusions on the subject : — 
In all divisions of the vegetable kingdom impregnation seems to 
consist in the contact of two cells having different contents. In the 
lowest class of plants two of the cells of the filaments conjugate ; in 
the higher Cryptogamics, anthcridian cells emit spermatozoids, and these 
come into contact with an archegonial cell or ovule, which, either forms 
at once a separate embryo, or gives rise to the formation of a spore- 
bearing frond ; in Gymnosperms the pollen cells are applied directly to 
the ovule, and send short tubes into the nucleus which reach the ovular 
reproductive cell or embryo-sac ; and in Angiosperms the pollen sends 
its tubes through the stigma and style before reaching the ovule and 
its cell. 

871. In Angiospermous flowering plants there are stamens con- 
taining pollinic cells, and pistils containing ovular cells; these two 
cells are imited by the pollen tube ; this tube reaches the embryo-sac 
with its vesicles and end()S})ermal cells ; after the impregnation of a 
germinal vesicle the formation of the embryo and its suspensor pro- 
ceeds at once by merismatic division ; the plant undergoes all its 
metamorphoses in the ovary, and separates finally as a rudimentary 
perfect individual ; the embryo is either monocotyledonous or dico- 
tyledonous. 

872. In Gymnospermous flowering plants there are stamens, con- 
taining pollinic cells, and cones, or modified branches, bearing ovular 
cells; these two colls come into direct contact; the pollen, after 
reaching the nucleus of the ovule through the large micropyle, remains 
for a long time before the pollen tube is formed ; this tube (after many 
months) passes through the upper part of the nucleus to the embryo- 
sac, containing corpuscles and endospermal cells : after this a cell of 
the corpuscle becomes developed by merismatic division into the 
embryo and suspensor ; the embryo is either dicotyledonous or poly- 
cotyledonous. 

873. In vascular Cryptogamous flowerless plants, such as Lyco- 
pods, organs are produced which contain bodies equivalent to pollen- 
cells, and there are also other organs (sporangia or oophoridia) con- 
taining large spores, which are equivalent to ovular cells ; the larger 
spores contain endospermal cells in the form of a cellular prothallium ; 
the prothallium bears archegonia (corpuscles), which, after ^pregna- 
tion by spermatozoids from antheridian cells, give rise to the cel- 
lular l^dy, whence a sporangiferous individual arises ; the antheridia 
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and archegonia are not placed together on a pro thallium . In other 
vascular Cryptogamous flowerless plants, such as Ferns and Equisotums, 
the spore-cases (sporangia) enclose spores which contain a nidimentary 
prothallium, only developed during germination, and producing both 
antheridia and archegonia ; the sperm atozoids of the former impreg- 
nate a vesicle or cell of the latter, which then gives origin to the 
sporangiferous individual representing the stem, leaves, and cones of 
Gymnosperms. In cellular plants the union of two cells, either 
directly or by the intervention of a tube, gives rise to the formation of 
a spore or sporoid embrj^o. 

4 HYBRIDIZATION, OR THE PRODrCTION OF HYBRIDS IN PLANTS 

874. In connection wilh the subject of fertilization, the production 
of hybrids or mules deserves attention. When the pollen of one 
species is applied to the stigma of another species, so as to effect fecun- 
dation, the seeds thus formed give rise to individuals which are in- 
termediate in their characters between tlie two parents. The plants 
produced by this heterogeneous fertilization are called hybrids or mules. 
A true hybrid is a cross between two species, but the term is often 
applied to crosses between mere varieties, races, or sub-species. The 
latter sort of crosses have been occasionally denominated sub-hybrids 
in order to avoid confusion. In hybridizing it is necessary to bring 
together species wdiich are allied, as, for instance, the species of the 
same genus, or those of allied genera. It is not, however, easy to 
determine the plants which can produce hybrids. Many plants which 
seem to be nearly allied do not inoculate each other. Sager(‘t failed 
in his endeavours to fecundate an apple tree by a pear tree, and no one 
has succeeded in getting hybrids between the gooseberry and currant, 
nor between the strawberry and rasjfeerry. The statements in regard 
to the intermixture of the orange and pomegranate, and of roses and 
black currants, are not founded on facts. Sometimes we meet with 
hybrids between different genera, and such have been called Rigeners. 
Kdlreuter obtained them among the Malvaceous genera, also between 
Papaver and Glaucium ; Gaertner between Datura and Hyoscyamus, 
and Nicotiana ; Wiegmann between a garden bean and a lentil. In 
these instances the breed is monstrous and sickly, and is usually of 
very short duration. Occasionally, however, in the case of genera 
nearly allied, the hybrids are more permanent, as in the plant called 
Bryanthns erectus, which is a hybrid between Rhodothamnus Chamsp- 
cistus and Phyllodoce casmlea.* 

875. It is not common to meet with hybrids in a wild state, 
because there is a much greater likelihood of the pistil being impreg- 
nated by the pollen of the anthers beside it, than by that from a dis- 
tance ; and if fecundation has taken place, then pollen applied from 

* Puxton’s Flower Garden for Sept I860, ]»I 19 
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other sources has no effect. De Candolle* gives a list of about forty 
natural hybrids between species of Kanunculus, Anemone, Hypericum, 
Scleranthus, Potentilla, Geum, Medicago, Galium, Centaurea, Cirsium, 
Stachys, Rhinarithus, Digitalis, Verbascum, Gentiana, Mentha, Poly- 
gonum, Qiiercus, Salix, and Narcissus. Lindley mentions Cistus 
Ledon as being constantly produced in nature between C. monspcssu- 
lanus and C. laurifolius ; and Cistus longifolius between C. monspessu- 
lanus and 0. populifolius ; Saxifraga Inteo-purpurea and S. ambigua, 
between S. aretioides and S. calyciflora.*!* Dioecious plants, in which 
male and female flowers are on separate individuals, seem to be liable 
to produce hybrids, and hence perhaps the difficulty of determining the 
species of Willows. Hybrids are constantly produced artificially by 
gardeners, in order to improve the characters of the flowers or of the 
fruit. 

876. It has been found that for successful hybridizing the pollen 
must be in perfection, and the stigma also must be fully developed. 
There appears always to be a preference for its own pollen on the part 
of the stigma. When strange pollen is applied, even in the case of 
species which hybridize, it does not act so effectually on the ovules as 
the pollen belonging to the flower. Hybrid fecundation then is usually 
less complete than natural fecundation. Gmrtnor found that out of 
nineteen flowers of Nicotiana Langsdorfii fecundated by N. marylandica, 
and out of fourteen fecundated by N. paniculata, he succeeded only in 
five, and in nine of the same species fecundated by N. quadrivalvis, 
only one was successful. The capsule of Nicotiana macrophylla contains 
2416 perfect seeds, while this species fecundated by N. quadrivalvis 
contained only 658. The capsule of Papaver somniferum contains 
2130 seeds, but when fecundated by Glaucium luteum, only six were 
perfect. Dichogamoiis plants, that is, those in which the sexes are 
separate, are not so susceptible of the influence of strange pollen. This 
seems to be a provision to guard against hybridity in such cases. 
Hybrids are more common in polyspermous genera than in those in 
which the seeds are few. 

877. When impregnation takes place between two pure species the 
characters of the parents never remain pure and unaltered in the for- 
mation of the hybrid. In general every part of the new production is 
modified, so that it presents a decided difference from either of the 
parents, though resembling the one more than the other. Sometimes 
the influence of the male predominates, sometimes that of the female. 
In Digitalis it is said that the influence of the female plant prevails, 
in Nicotiana that of the male. Herbert says, that in hybrid Amaryllises 
the flowers and organs of reproduction partake of the character of the 
female parent, while the foliage and habit, or the organs of vegeta- 
tion, resemble the male. Fries Morel says that hybrid Carnations 
resemble the female parent in form, and the male in colour. In a 
hybrid l)etween riiyllocactus crenatus (female), and Cereus speciosissi- 

* I)e Candolle, Pliyslol. ii 707 i Lindley, Introduction to Bot. vol. ii. p. 243 
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mus (male), the stem, and in some respects the flowers, were those of 
crenatus, and the colour that of speciosissimus. The male gave colour 
and changed somewhat the form of the flower, while the female gave 
general habit. The specific differences, according to Gsertner, of 
nearly allied species, appear more distinct in the hybrids to which they 
give rise, than in the pure species. Thus Lobelia cardinalis, fulgens, 
and splendens, which are very nearly allied, give totally distinct 
hybrids when united with Lobelia syphilitica. On the other hand, 
Nicotiana magnifolia, macrophylla, marylandica, and petiolata, give 
identical hybrids when impregnated with N. glutinosa. I'he supposed 
species in this latter case are probably therefore mere forms. Hybrid 
types are considered as depending on the specific distinction of species, 
and not on any external influences. 

878. Hybrids occur in which the characters of the parents are 
intimately blended, so that it is impossible to say to which there is a 
greater resemblance. Sometimes the number of the organs is curiously 
intermediate ; thus Cucubalns has three stigmas, and Lychnis five, 
and a hybrid between them lias four. Again, hybrids occur in which 
one part or otlier approaches the paternal or maternal form, though the 
characters of the parent never pass altogether pure into the new 
organism. Lychnis vespertino-diurna, a hybrid between the two 
species whose name it bears, has no peifect diurnal sleep as in L. ves- 
pertina, but the petals roll back slightly when the sun shines or the 
weather is hot ; the hybrid resembles vespertina in its small leaves, 
dinrna in the vital phenomena ; vespertina in its large flowers, and 
straight blunt stigmas, diurna m the pubescence ; vespertina in the 
more pyramidal fniit, and also in the size and colour of the seeds. 
There is a third set of hybrids in which there is resemblance to one of 
the parents, whether male or female, so <lecided, that the agreement is 
at once perceptible and beyond doubt. 

879. In certain circumstances wc find the typical forms wdiich are 
combined in the hybrid separated so as to appear in the same indivi- 
dual. Thus a hybrid* between (lytisus Laburnum and (^ytisus pur- 
pureus, called Cytisus Adami or Red Ijaburnum, occasionally has 
branches, some of which bear the flowers of the male, and others those 
of the female parent. Sageret mentions a case of a hybrid spning 
from a female Ohinese Melon and a male Market Melon, in which, of 
two branches exactly opposite each other, one bore nothing but the 
latter Melon, whilst the other branch bore a cross between both 
Melon 8. f 

880. Thwaites observes that the fertilization of the ovule consists 
in the union of a part of the contents of a pollen-grain with certain 
matter contained in the germinal vesicle, and that the embryo origi- 

* This hybnd is by some attributed to the grafting of Cytisus puipureus on Cytisus Labumum, 
and not to fertilisation , and Ilei bort thinks that a combination between the colls of oiu h of the 
plants may bo consideied as originating it 

t Sageret, Mdm sur Its CucurbitacCta, et sur la production des By brides, Paris, 1826 27 
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nates from the mixed substance ; and he thinks that this is confirmed 
by what takes place in hybridization — the hybrid plant owing its 
existence to an endochrome made up of a portion of the ondochromes 
of each of the parent plants, and the proportion varying in different 
ovules. The ovules of Fuchsia coccinea, impregnated by the pollen 
of Fuchsia fulgens, produce plants of every intermediate form between 
these two species — some resembling the one and others the other spe- 
cies, but the majority partaking of the characters of both. The varia- 
tions are referred to the different proportions in which the endochromes 
are mixed. One of the hybrid seeds produced twin plants which were 
dissimilar.* 

881. Hybrids, although they may be fertile at first, rarely con- 
tinue so for many generations.^ Herbert mentions hybrid Narcissuses 
which never produced seed.J The non-produ(‘tion of fertile seeds in 
some plants has led to the idea that they are mules. The cause of 
sterility in mules has not been fully ascertained. Henslow ccmld not 
find in a hybrid Digitalis any stnictural changes which could account for 
barrenness. It may be that the pollen is not perfect in its develop- 
ment. In many hybrids there occur monstrosities in the pollen granule. 
Thus in the pure species of Fuchsia each granule is fnrnibhed with 
either two or three pollen-tubes ; while in the pollen of F. Staudishii a 
hybrid between F. fiilgens, whose grains of pollen have but two 
tubes, and another s])ecies the granules of which have three, great 
confusion prevails — some of the granules having two or three tubes 
like the type, while others have four tubes. Many appear abortive, 
consisting only of extine, and no fovilla. This will account for the 
seeds of hybrid species being so frequently unproductive, since they 
either have not received the influence of the degenerated pollen at all, 
or have done so in an imperfect manner. It would be interesting to 
know if sterile hybrids wanted some peculiar matter in their fovilla, in 
the same way as sterile mules among animals have no spermatozoa. 

882. Hybrids may be fertilized by pollen taken from one of the 
parents, and then their ofispring approaches in character to that parent. 
Hybrids impregnated for a third or fourth time with the pollen of the 
original male plant, approach more and more to the male type. Such 
is also the case when the imi)regnation is effected by pollen taken from 
the original female type, but in this instance the change is usually 
more slow. Gmrtner, to whom we are indebted for most of these re- 
marks on hybridity, gives a tabular view of the number of impregna- 
tions requisite to complete changes of species by hybridization. He 
produced hybrids between the two species named, and then, by using 
the pollen of the original male or female parent, he found that in 

* Thwaites, on Diatomacecp, In Ann Nat Hist 2d ser. i ia3. 

t Although hybrids have generally little tendency to reproduce themselves by generation, an<l 
usually die out, still there are certain supposed hybrids which continue to propagate themselves. 
Sageret, for instance, thinks that the Colza is a hybrid between the Cabbage (Brassica oleracea), and 
the Turnip (Brassica Napus) } Bot. Register, Aug 1843 
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progress of time the species are brought back to the male or female 
type. By this means he ascertained the following facts : — 


Aquilegia atro -purpurea became . 

A. canadensis in 

3 

generations. 

A. canadensis . . . 

. 

A. atro-purpurea 

4 

f) 

A. canadensis . . . 

• ff 

A. vulgaris . . 

4 


Dianthus arenarius 

• • • 

D. Caryophyllus . 

5-6 

J) 



D. pulchellus 

5-6 

V 


. „ 

D. chinensis . . 

5-6 




D. superbus . . 

5 


Dianthus Armeria 

. ,j 

D. deltoides . . 

5-6 


barbatus 

. „ 

D. Carthusianorum 3-4 

» 


• 

. D. chinensis . . 

5 

if 

Geum urbanum . . 

• . . . 

G. rivale . . . 

4 

i) 

Lavatera pscudolbia - 

• »> . . . 

L. thuringiaca 

4 

)) 

Lychnis diurna . . 

. „ . . 

L. vespertina 

4 

» 

vespertina . 


L. diuma . . . 

3 


(Enothera nocturna . 

• >? . . . 

CE. villosa . . . 

4 

Jt 

villosa 

• 

(E. nocturna . . 

4-5 



These observations relative to hybrids, must not be considered as in 
any way favouring the erroneous and unfounded statements made in 
regard to the conversion of one species into another of a very different 
structure, as of Oats into Rye, Rye into Bromus secalinus, Bromus sterilis 
into Hordeum murinum, Brassica Rapa into Thlaspi arvense, Thlaspi 
arvense into Oamelina sativa or Oapsella Bursa pastoris,* 

883. Hybridizing is an important horticultural operation. By it 
the gardener endeavours to increase the size of flowers, to improve 
their colour, to approximate their forms to some assumed standard of 
perfection, to eidarge the foliage as in esculents, to render tender 
plants hardy, to heighten the flavour of fruits, and to exchange early 
for late varieties. The changes produced by muling on the size and 
colour of the blossoms are very remarkable. By inoculating Cereus 
speciosissimiis with C. grandiflorus, we find that the immediate result 
is a seedling whose flowers are ten inches in diameter. The hues 
resulting however from the union are not necessarily intermediate. 
Blue and yellow do not produce green, as proved by a hybrid between 
Verbascum phceniccum and V. phlomoides. By muling, beautiful varie- 
ties have been produced between Rosa indica and R. moschata, Azalea 
pontica and A. nudiflora coccinea. Rhododendron arboreum and R. 
caucasicum, Catawbiense, pontioum and campanulatum ; between 
Rhodothamnus Chamajcistus and Fhyllodoce cajnilea,*}* Veronica fra- 
ticulosa and saxatilis, Cereus speciosus and speciosissimus ; also 
between species of Fuchsia, Mahonia, Potentilla, Pelargonium, Cal- 

* For fuller remarks on hybridization, see the tranalation of Gajrtner's Paper on Muling in Vego- 
Ubles, in Joum. of Hort Soc. of Lond. vi. p 12. 

+ Mr. Isaac Anderaon, a succeBaful hybridber, states that the hybrid between these two genera 
can only be produced by taking the pollen of Khodotbamnus and applying it to the stigma of 
Phyllodoce. He has constantly failed in impregnating the pistil of the former with the pollen of 
the latter. 
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ceolaria, Viola, Dahlia, Erica, Narcissus, and numerous others. In 
the case of Khododendrons, gardeners have been able to secure the fine 
colour of the Indian K. arboreum with the hardiness of the American 
species. By inoculating the common Heartsease with the largo- 
flowered Pansy of the Altai mountains, a degree of vigour has been 
infused into the former which we could not hope to obtain by ordinary 
means. The fine varieties of Pelargonium have been obtained, by cul- 
tivation and by hybridizing, from the small-petaled P elargonium of the 
Cape. Fniits and culinary vegetables are sometimes improved by 
hybridity. Tliese hybrids cannot be continued from seed. They 
must be propagated by offsets or cuttings. The effect of hybridizing 
or crossing is very marked in the case of certain Cereal plants. Mr. 
Maund has done much in this way, and has in some instances pro- 
duced important varieties. These were shown at the Great Exhibi- 
tion, along with others, from Mr. Raynbird. 

884. This subject has important bearings on the origin and limi- 
tation of species. If, as some old authors supposed, there were only a 
few species originally foi-med, and all the rest are the result of hybri- 
dization, there would be no limit to the production of species, and no 
permanence in their characters. This opinion, however, is not sup- 
ported by facts. It is believed that the types of all the species now 
on the globe were originally placed on it, and have given origin to 
offspring like themselves, capable of reproducing the species. We 
have already mentioned that hybrids are rare in a wild state, and 
they are seldom permanent and fertile, and they have always a ten- 
dency to revert to one of the original types.* 

885. Recapitulation of the chief facts connected with Embry- 
ogeny : — 

1. The existence of separate sexes in plants was conjectured in early times, but the 

organs of reproduction in flowering plants were not discovered till 1676 by Grew. 

2. Linno'us made these organs the foundation of his sexual system of classifleation. 

3. Hedwig discovered sexual organs in Mosses, and such organs have now been de- 

monstrated in other Cryptogamous plants. 

4. The stamens containing pollen, and the pistils containing ovules, have been proved 

to perform the function of reproduction in flowering plants. 

5. Some anomalous cases have occurred in which perfect seed was produced apparently 

without the presence of pollen, but these require conflrmation. 

6. The pollen must be discharged from the anther and brought into contact with the 

stigma, in order that an embryo plant may be formed. 

7. Various means are taken to accomplish this, such as elasticity and irritability of the 

stamens, winds, and insects. 

8. Pollen can retain its vivifying power sometimes for a long time, and may thus be 

carried to a distance without injury to its properties. 


*For farther observations on Hybridization, the student may consult the follouing papeis: — 
Geertner, Versuclie ueber die Bastarderzeugung xm Pflanzen-reich, &c., in Konig. Holland. Acad, der 
Wissenschaften, Stuttgart, 1849 — trans. and abridged by Berkeley, m J oui n. of Hort. Soc. Lond v. 168. 
Herbert on Hybridization among vegetables, Journ. Hort. Soc. Loud. ii. 1. Kulreuter, Vorlauf 
Nachnebt von emigen das Gesclilecht der Pflanzen betreff. Versuchen, &c , Leipzig, 1761-1766. 
Stoudish and Noble on Hybrid Rhododendrons in Journ. Hort. Soc. Lond. v. 271. 
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1). The quantity of pollen produced is much greater than is actually required for tl»e 
impregnation of the ovules, with the view of ensuring fertilization. 

10. In some cases where stamens and pistil are on difierent parts of a plant, or on dif- 

ferent plants, the leaves are not produced until after impregnation, so as to allow 
the pollen and ovules to come into contact 

11. In some Evergreens, as Firs and Pines, the quantity of pollen produced is very large, 

and it is occasionally wafted by the winds to a distance so as to fall like a shower 
of sulphur. 

12. The stigma is prepnrtMi for the reception of the pollen grains by the secretion of a 

viscid substance, which, besides detaining them, causes them to protrude tubes, 
l.'l. The style is also sometimes provided with hairs for the purpose of collecting and 
applying the pollen. 

Id. While maturation of the pollen is going on in the anthers, the ovules are also under- 
going changes by which the foramen is brought near the placenta, and certain cells 
are developed in their interior for the purpose of embryogeny. 

1.). The ovular cells thus produced are the embryo-sac, and the germinal vesicles or 
nucleated cells in its interior, which are surrounded by parenchyma, called endos- 
permal cells. 

l(i. One of the nucleated germinal vesicles, after impregnation, is transformed into the 
embryo with its appendage.s, while the cndo.spennal cells contain albumen. 

17. In some of the lowest unicellular plants reproduction is carried on by one cell, pro- 
babh’' by means of a difference in its contents. 

IS. In general, however, it may be .said, that the act of impregnation consists in the 
union of two cells having difierent contents. 

If). In some cellular plants, as Confervse and Diatomacem, there is distinct conjugation 
or union of cells by means of an interposed tube, and the result of this is the for- 
mation of a cellular embryo. 

20. In other Cryptogamic plants there are distinct sexual organs, namely, antheridia, 

containing phytozoary or spermatozoidal cells, and pistillidia or archegonia, con- 
taining ovular cells. 

21. The antheridia discharge thephytozoa or sperraatozoids, which reach the archegonia, 

and impregnate a germinal vesicle which ultimately gives rise to the embryo. 

22. In Hepaticse, antheridia and archegonia are produced on the thallus, and the im- 

pregnated cell of the latter gives rise to the spore -bearing stalk (the fruit or 
capsules). 

23. In Mosses, antheridia and arcliegoiiia arc borne on leafy stalks, and after impregna • 

tion the archegonial cell gives rise to the stalked theca or sporangium with its 
spores. 

2*1. In Ferns and Eiiuisetums, the anthCiidia and archegonia are produced on a cellului 
prothallus which is developed during the germination of the spores, and after im- 
pregnation the archegonial cell gives rise to the sporangiferous frond or stalk. 

25. In Lycopods and Khizocarps, there are antheridian cells with spermatozoids, ami 
large spores or ovules, containing archegonia on a cellular prothallus in their in- 
terior, and after impregnation the archegonial cell gives origin to a sporangiferous 
frond. 

20. In Gymnospermous or naked-seeded flowering plants, there are stamens containing 
pollen, and ovules supported on cones or altered branches, and in them the pollen 
enters the large micropyle of the ovule without the intervention of stigma and style. 

27. When the pollen readies the nucleus of the naked ovule it remains long dormant, 

and after many weeks and months sends out a tube which reaches the embryo- 
sac and impregnates a corpuscle. 

28. One of the cells of the corpuscle then takes on an active function, and developes the 

embryo with its suspensor in the midst of cndospermal cells. 

20. There is frequently a plurality of embryos in Gymnosperms, owing to the impreg- 
nation of several vesicles in an ovule. 

,30. In Phanerogamous flowering plants stamens are present, containing pollen cells, and 
pistils containing ovular cells. 
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al. In these plants the pollen tube passes through the stigma and the conducting tissue 
of the style until it reaches the foramen (micropyle) of the ovule. 

Ii2. In some instances a tube is prolonged upwards from the ovular walls, or from the 
embryo-sac, to meet the pollinic tube. 

y3. The pollen tube passes into the micropyle and reaches the embryo-sac contained in 
the upper part of the nucleus. 

31. Schleiden thinks that the end of the pollen tube introverts the embryo-sac, and in 
some cases perforates it, and that it becomes the first cell of the embryo. 

35. Almost all physiologists, particularly Amici, llofraeister, Mohl, and Tulasne, agree 

in thinking that Schleiden was mistaken in regard to the extremity of the pollen 
tube, and they l>elieve that the embryo is formed from a distinct cell previously 
existing in the embryo-sac. 

36. In some instances the pollen tube indents the embryo-sac, at other times it perforates 

it, and comes into actual contact witli a cell contained in the sac. 

37. In the embiy^o-sac there are produced before impregnation certain cells, often three, 

called germinal or embrj’onary vesicles, only one of which in general is impreg- 
nated by the pollinic fluid, which transudes through the membrane of the pollen 
tube and the walls of the embryo-sac and vesicle. 

38. After impregnation, the vesicle divides by a transverse septum into two parts, the 

upper portion forming a confervoid partitioned filament or suspensor, and the 
lower becoming filled with cells constituting the rudimentary embryo. 

39. The suspensor is attached to the part which forms the radicle of the embryo, and at 

the opposite end one or two cotyledons are produced, enclosing the first bud or 
plumule, 

40. An embryo is usually produced in each ovule (monembryony), but when more than 

one germinal vesicle is impregnated there is a plurality of embryos (polyembryony). 

41. When the pollen of one species is applied to the pistil of another species, we occa- 

sionally find seeds produced which give rise to individuals intermediate between 
the two parents ; these individuals are called hybrids or mules. 

42. In order that hybridizing may be successful, the spicies must be allied in certain 

particulars ; Iiybridization cannot be practised indiscriminately. 

43. Hybrids are rarely fertile, or at all events rarely continue fertile for any length of 

time ; they have a tendency to die out or to return to one of the parent types. 

44. Hybrids may be fertilized by pollen taken from one of the parent types, and they 

then approach more and more to the type whence the pollen was taken. 

45. A plant has a preference for the pollen from its own species, and lienee hybrids are 

rare in nature, and there is no evidence of true species being produced by hy- 
bridity. 

40. Hybrids are not always strictly intermediate between their parents ; sometimes the 
characters of the male parent, at other times that of the female prevail. 

47. By hybridizing we endeavour to improve the size, form, and colour of flowers, to 
produce hardy varieties, and to heighten the flavour of fruit. 



CHAPTER IX, 


PHYSIOLOGY OP THE FRUIT. 

886. While the ohject of fecundation is to dcvclopc the embryo in 
the seed, it causes at the same time changes in the pistil. The 
stigma and style become dry, and either fall off, as in the Peach 
(Fig. 770, p. 264), Orange, and Nut, or arc persistent, as in the 
Poppy (Fig. 808, ]). 273), Mangostecn, (ffematis (Fig. 836, p. 281), 
and in many pods (Fig. 825, p. 278). The pericarp in some instances 
becomes swollen, even although the ovule is not fecundated. In such 
cases the fruit is abortive in as far RvS reproduction is concerned, 
although it may be valued for domestic purposes. Many of the best 
Oranges and Grapes contain no perfect seeds, and the fruit of the 
Banana (Fig. 873, p. 290), Plantain, Bread-fruit (Fig. 783, p. 268), and 
Pine-apple (Fig, 882, p. 293), is most palatable when it is seedless. 
The age of ti*ees seems to have an influence over the production of 
seeds. In the case of the Orange, it is said by Bnllar that old trees 
often produce se(‘dless fruit. The fruit during its growth attracts 
nourishment from the surrounding parts, and it is of importance that 
it should receive a large supply of elaborated sap. 

887. In their natural state some plants exhaust themselves in the 
production of fruit, and die after one year, if annuals, or after two, if 
biennials. Sometimes fruiting is long delayed, and ultimately takes 
place vigorously and abundantly. This is observed in plants such as 
the American Aloe, which only fruits once after many years, and then 
dies. The division of plants into Monocarpic and Polycarpic is founded 
on their times of flowering and fruiting. The former are such as 
flower and fruit only ouce in their life and then die. This may take 
place at the end of one year, two years, or many years. The lattei* 
are such as flower and fruit many times in the course of their lives. 
A plant which has been prevented by an inclement season from 
l)erfecting its fruit, will often bear a large quantity the following 
season, if genial. An annual, by being prevented from fruiting, may 
be made to endure for two or more years. The increased vigour of 
I)erennials enables them to withstand the exhaustion induced by 
fniiting. 
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888. In the case of cultivated plants, where the object of the gar- 
dener is to have a supply of good fruit, many artificial means have 
been adopted to promote the development and maturation of the i)eri- 
carp. The application of manure to the soil, by increasing the vigour 
of the plants, aids in this matter; also checking the branches by 
judicious pruning, so as to cause a great flow of sap to the fruit ; and 
cutting a ring of bark from the branches, so as to produce accumula- 
tion of sap above the wound. In ringing the bark, care must be 
taken to make the cut so that the two lips of the wound may reunite 
in the course of a few months. If the cut is large, then the branch 
may be destroyed. It is prudent not to ring the bark of the main 
stem, but only that of branches ; and the wound should be covered 
with grafting-clay and damp moss, so as to allow the licaling process 
to go on. Checking the roots has an important influence on the pro- 
duction of fruit. Mr. Bellamy, in an excellent garden at Starcross, 
in Devonshire, although he had abundance of fruit, could not succeed 
in producing Greengages. He took three of his trees and conveyed 
them to his estate in Dorsetshire, a cold, bleak, chalky, mountainous 
district, exposed to north, north-west, and easterly winds, where 
scarcely a blade of grass appeared till May. Tlie second year after 
transplantation, the trees bore abundantly tlic finest fruit imaginable. 
This they continued to do for three years, and tlien ceased. Mr. 
Bellamy removed them again, and again they bore fruit. Ever after 
he planted out ten trees every year, keeping up a stock of forty, 
and never after wanted almndance of Greengages. Tlie check given 
to the root produced fruit in place of wood. 

889. When fruit sets in large quantity, it is pnident to thin it 
early, and thus allow only a moderate quantity to come to perfection. 
As the sap is distributed to the whole fruit, this operation will permit 
more nourishment to go to tliat which remains. By judicious thin- 
ning, although tlie quantity of fruit is diminished, its quality is much 
improved. In this way the size and flavour of Peaches, Nectarines, 
Apricots, Grapes, and other cultivated fmits, are increased. If plants 
are permitted to bear fruit when vc^y young, it often fails to come to 
maturity. This is the case in the Melon, for instance, if the fruit is 
allowed to form at a very early period of the life of the plant ; whereas, 
if the plant is not allowed to bear fruit till the leaves are fully formed 
and the sap has accumulated, the fruit rapidly swells, and arrives at 
great perfection. 

890. The pericarp sometimes preserves its green colour and leafy 
aspect, as in the Pea, and continues to act as leaves do — decomposing 
carbonic acid during daylight, and giving out oxygen. According to 
Saussure and Oouverchel, all fruits in a green state perform this func- 
tion of deoxidation.* Saussure states that green sour Grapes, while 
growing on the Vine, and exposed to the sun in close vessels, give 

Saussure, Eeclierclies Chimiqurs sur la V^jj^tation. Couverchel, Mdinoire sur la Maturatiou 
urs Fruits, m Ann. de Cliiniie et de Physique, xlvi. 147. 
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out oxygen. Sometimes the cells of the pericarp become hardened 
and thickened by the deposit of lignine, and the seed-vessel becomes 
dry, assuming a white or brown colour. In these circumstances its 
active vital functions cease, and it no longer produces any marked 
effect on the air. In other instances the pericarpial cells contain 
matters which, in iJie progress of maturation, undergo chemical 
changes, so that the fruii becomes succulent, and its epicarp assumes 
various tints of red, yellow, and blue. As transpiration and evapo- 
ration take place from the surface of succulent fruits, the fluids in 
the outer cells become thickened, and thus promote the endosmotic 
action between them and the cells containing thinner liquids. In this 
way the fruit swells considerably. When the fruit has attained its 
full size the stalk dries up, and may be easily detached from the 
plant ; at the same time waxy matter is de])()sited in the cuticle, whicli 
prevents the drjdng process from going on rapidly. 

891. During their early state pulpy fruits are tasteless or slightly 
bitter, and they have at that time the structure and chemical constitution 
of Icfives. In their second stage of development they acquire a sour 
taste from the production of acids, such as malic acid in the Apple 
and Gooseberry, tartaric acid in the Grape and Tamarind, citric acid 
in the I.eraon, Orange, lied (.urrant, and (Tanberry. In the third 
stage, or that of ripening, the acids diminish in (piantily, they are 
more fully neutralized by the alkalies present in the fruit, and are 
partially decomposed ; the cellulose forming the walls of the cells and 
vessels is also transformed, and along with the gum is converted into 
grape sugar. Saccharine matter may be formed from the acids in the 
fruit, by the addition of the elements of water, and tJ)e separation of 
oxygen. Thus citric acid, i\^ with the addition of 6 equiva- 

lents of water, and the separation of G equivalents of oxygen, gives 
G,, 0,^ the equivalent of crystallized sugar.^ During these 

changes there is a loss of watery fluid, a slight increase of tenq)erature, 
and an evolution of a small quantity of carbonic acid. Dutrochet says 
that during the ripening of a Tear, the mean temperature during 12 
hours was 0.07® F., and the quantity of carbonic acid evolved in 24 
hours varied from 0.5 to 0.7 per cent ; a Plum in sin)ilar circumstances 
showed a mean temperature of 0.11®, and gave out in 24 hours 1.6 
of carbonic acid. Haussure and Couverchel state that Grapes, Apples, 
and Pears, when separated from their respective plants, and kept at a 
temperature of about 60® F., gave out carbonic acid. Fremy found 
that ripe fleshy fruits gave out a large quantity of carbonic acid when 
boiled in a saline solution. •{- 

* The formation of sugar from acids is thus shovrn by Frufessor Gregory in his Hand' hook of 
Organic Chemistry, p. 460 — 

Aeid employed. WsUer added Oz^ gen separated Cryatalliaed sugar 

Citnc, Ci 2 He Ou •+• 6 110 Oo = Cia llii Ou. 

Malic, 3 (Cg H 4 Oio) -P 16 110. Ojs = 2 (Cjj Hu Oji) 

Turtanc, 8 (CB H(J O 12 ; -f 10 UO. Oi8 = 2(Ci2nuOi4) 

t Fremy, Reclicrches Chimiqucs sur la Maturation de«» Fiuits, in Comptes Rendus, x\\ 784 



892. BerarJ, in a memoir presented to the French Academy of Sciences,* gives the following analysis of succulent 
fruits in different stages of maturation : — 
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Berard, Menioirc sur la Maturation des Fruits, in Ann. de Chiraie et de Phjsique, 2d series, xri. 152, 223 
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893. The changes which take place during ripening are thus 
shewn to consist chiefly in a diminution of the quantity of water and 
of ligneous matter, and an increase in tlie quantity of sugar. The 
changes in these ingredients are thus tabulated ; — 


NAMLS OF FRUITS. 

ATKK. 

src.AR. 

LIGNEOUS MATTES. 








Unripe 

Ripp 

Unripe 

Ripe. 

Unripe. 

Ripe. 

Melting Peaches . 

90.31 

80.24 

0.03 

11.61 

3.01 

1.21 

Duke Cherries 

88.2h 

74.85 

1.12 

18.12 

2.44 

1.12 

Red Currants . . 

86.41 

81.10 

0.52 

6.24 

8.45 

8.01 



71.10 



includin'; 

seeds. 

Greengage Plums 

74.57 

17.71 

^tracound') 

24.81 

1.26 

1.11 

1 

Apricots . . . 

j 

89.39 

1 84.49 

3 then (. 

( C.(>4 ) 

16.48 

3.61 

1.86 

Jargonelle Pears . | 

8G.28 

1 83.88 

G.45 

11.52 

3.80 

2.19 


894. Bcrard thinks that these changes in fruits depend essentially 
on the action of the oxygen of the air. h^'leshy fruits, he says, may 
be preserved with little alteration for many weeks in vacuo, in nitro- 
gen, and in hydrogen gas; Peaches, Plums, and Apricots, may be 
kept from twenty to thirty days, and Pears and Apples for three 
months, in a sealed bottle, containing a little sulphate of iron, lime, 
and water, which remove the oxygen of the air. Frcmy found 
that the ripening of the fruit was arrested by covering it with varnish, 
which he supposes to act partly by preventing the access of air, and 
partly by stopping the transpiration, and thus checking the flow of 
sap into the fruit.* Couverchel says that the sugar of fruits is formed 
by the action of organic acids on the gum, dextrin, and starch ; 
while others think that the cellulose and lignin are also transformed 
into sugar by the action of acids. The formation of sugar in the 
fruit, according to Frcmy, is checked by watering the tree with alkaline 
solutions, or by causing the fruit-bearing branches to absorb these 
solutions. The diminution of the sour taste in ripe fruits is due 
in part to the neutralization of the acids, and in part to chemical 
changes in them. A\'hen green fruits are cooked, similar changes take 
place in their ingredients, by which the acid and gummy matters are 
converted into sugar. 

895. Certain fruits, more especially those belonging to the natural 
orders Pomaceae and Ebenacea3, after being ripe, undergo a series of 
chemical changes when pulled and allowed to remain in a room at a 
moderate temperature. The austerity of Medlars is diminished under 
this process, to which the name of bletting (French, hlHte) is given 


Comptes llendus, xu 7S4 
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by Lindley. It is a stage intervening between wbat is commonly 
called ripeness and decay. The chemical changes, as shewn in the 
table, consist in a loss of weight, in consequence of a separation of water 
and a diminution in the quantity of saccharine and ligneous matter. 
There is a slight increase at the same time in the albuminous matter 
and in the malic acid. 


INGREDIENTS. 

JARGONKT.LE PEARS. 

Unnpe. 

Ripe. 

BlcUing. 

Albuminous Matter 

0.08 

0.21 

0.23 

Chlorophyll 

0.08 

0.01 

0.04 

Ligneous Matter (Cellulose and Lignin) 

3 80 

2.19 

1.85 

Gum 

3.17 

2.07 

2.62 

Sugar 

G.45 

11.52 

8.77 

Malic Acid 

0.11 

0.08 

0.61 

Lime 

0.03 

0.04 

trace 

Water 

86.28 

83.88 

62.73 


100.00 

100.00 1 

76.85 


896. During the maturation of certain fruits, oily and aromatic 
substances are produced ’which give a peculiar flavour. In fruits 
which form jellies, there is developed a gelatinous matter, to which the 
name of Pectic ficid is given. The production of this acid has been 
particularly examined by Fremy.* He states that a substance called 
Pcctose, insoluble in water, alcohol, and ether, accoinpanies cellulose 
in the pulp of green fruits, and of certain roots, as Carrots and Turnips. 
By the simultaneous action of acids and heat it is transformed into 
Pectine, which is soluble in water, and which is developed in ripe 
fruits. The malic and citric acids of fruits seem to operate along with 
heat in converting pcctose into pectine, and its various modifications, 
such as metapectine and parapectine. By means of another substance, 
called Pcctase, which acts as a ferment, pectine is converted into 
pectosic and pectic acids. These various substances are found in the 
gelatinous matter of succulent fruits, and the following is their com- 
position : — 

Pectine, C64 II 40 Ojjc? 8110. 

Pectosic acid, C 33 11 jo, Oas 3110. 

Pectic acid, C32 IIjjo O^g, 2H0. 

The pectase of fruits, during its solution, reacts on the pectine, pro- 
duced by the action of acids on pectose, and transforms it into gela- 
tinous pectic acid. Fremy formed a jelly by introducing pectase into 

* iTcmy, M6inoire Rui la Mulumtion doa Fiuita, m Ann de Chiinic et de Physique, 3d acr. xxiv 
6, also in Jouin de Cluniic Id^dirale loi 1845, p 1.32 
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a Bolution ol* pectinc. Vegetable jellies are also formed by pectosic 
acid. 

897. According to Dutrochet,* there is in green frnits during their 
active growth a certain amount of specific heat, which can be detected 
by means of Beccpierers thermo-electric needle. The following table 
shows the amount of this specific heat : — 


NAME OF FKl ITS. 

Deviation of 1 
HecqucrcTs I 
Needle. 1 

1 

1 Proper Heat 
of 

Fruit. 

Temp, of Air. 

Green Pear 

1 

r 

0.10° F. 

f)7.2»F. 1 

Green Apple 

1 

0.14*’ 

03.5° 

Green Plum ... 

U" 

0.1 c° 

()4.4‘’ 

Green Peach 


0.14" 

63 1" 

Green fruit of Kibes Uva-crispa ... 

]'* 

1 O.loo 

67.2^ 1 

Green fruit of Liriodendron tulipifera 

i.r i 

1 0.18" 

()9.8" 1 

Green cone of Abies alba (Michaux), . 

1?." 

0.18" 

71.0" 

Green fruit of Datura Stramonium, 1 | 
eight days after flowering ... X 

ir ' 

0.1 r 

G4.4" 

1 

Green fruit of Papaver soninifcrum, \ \ 


0.21" 

1 ' 

07.1" 

two days after flowering .... X 

1 




898. The greater number of plants ripen their fmit considerably 
within a year from the time when the flower expands, and some require 
only a few days for the purpose. Some trees, as certain species of Oak, 
require eighteen months; Juniper fruit, and cones of the Firs, the 
fruit of some American Oaks, and of the Metrosideros of New Holland, 
hang above twelve months; and the Cedar reepurcs twenty-seven months 
to mature its fruit or to bring its seeds to perfection. The Orange 
presents a singidar phenomenon in respect to maturation of its fniit. 
This is generally looked u})on as ripe at the end of the first year ; but 
it often happens in the south of Euroi)e that, in order to obtain Oranges 
of the best (quality, the fruit is allowed to remain for a second summer 
on the tree. It is not easy then to say what is the real terra of 
maturation in this fmit in its natural state. Discussions have arisen 
as to the time when the fruit of the cereal plants is most productive 
to the farmer. IVlany think that Wheat ought to be cut before the 
fruit reaches perfect maturity, inasmuch as it then yields most flour. 
When {illowed to remain till fully lipe, then the outer covering or 
bran thickens at the expense of the flour. Such is also said to be the 
case in Oats. About a fortnight before ripening is said to be the 
proper time for cutting com, as the skin is then thinner, the grain 
fuller, the bushel heavier, and the yield of flour greater. 

899. The follow^ing table -J* will give some idea of the difie- 

• DutioHjct, sur la rlialfiu <!(’» ^trP8MNant>?ibnsse temperature— -Ann. <les Sr. Xal, 2ii srr xiu.()r> 

I !)<• Candolle, Phj siolojfie ii 5r»H. 
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rent periods required for the maturation of the fruit in different 
plants ; — 

Periods which elapse between flowering and the maturation of the fruit. 

13 days, Setaria viridis. 

14 — Digitaria sanguinalis, Avena pratensis. 

IG — Festuca ovina, Briza media. 

17 — Aira caespitosa, Bromus cristatus. 

IH — Avena elatior, Festuca sylvatica. 

]() __ Glyceria aquatica, Hordeum pratense, Medicago sativa. 

20 — Bactylis glomerata, Milium eflusum, Loliura perenne, 

Triticura repens. 

21 — Poa alpina, Onobrychis sativa. 

22 — Cynosurus cristatus, Aira flexuosa. 

23 — Trisetum flavescens. 

24 — Festuca glabra, Poa cristata. 

2.5 — Alopcciirns pratensis, A. alpinus, Avena pubesccns, Fes- 
tuca arundiiiacea, Nardus stricta. 

27 — Bromus sterilis, IIoJcus mollis, Agrostis vulgaris, Festuca 

loliacea. 

28 — Festuca fluitans. 

30 — Alopccurus agrestis. 

31 — Agrostis cfiiiiiia, A. stricta, Cynodon Bactylon, Phalaris 

cauariensis. 

37 — Festuca dumctoriim. 

41 — 8tii)a pennata, Molinia cocrulca. 

43 — Ilolcus lanatus, Saiiguisorba canadensis. Trifolium pratense, 
Bunias oricn tails, Arundo colorata. 

4 .*) — Elynius arenarius, Elymus geiiiculatus, Phlcuin pratense, 

Bcckmaiinia eruewformis, Poa fertilis, P. pratensis. 

51 — Cynosurus cieruleus. 

52 — Trachynotia cynosuroides, 

53 — Anthoxauthum odoratum. 

57 — Ilolcus odoratus. 

2 months. Strawberry, Elm, Cherry, Raspberry, Euphorbia Esula, 

Spirijca Filipcndula, Potentillas, Poppies. 

3 — Reseda Luleola, IVunus Padus, Ootoneaster, Celandine, 

Lime-tree. 

3 to 5 — Apple, Plum, Sloe, Beech, Walnut. 

4 — Horse-chestnut, Hawthorn, Roses. 

5 — Birch, Alder. 

5 to G — Vine, Pear. 

G — Chestnut, Medlar, Hazel, Almond, Hippophee. 

7 — Olive, Savin, Daphne Laureola, Quercus Robur. 

8 to 0 — Colchicum autumnale, Mistleto. 

10 — Pinus Laricio. 

11 — Most Pines. 

12 — Most Mosses, some Conifers. 

900. The period in which fruits ripen is materially accelerated b}" 
an increase of temperature, and their flavour is also improved. Hence 
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the use of putting fruit under glass, or on slates of a dark colour, or 
wrapping it up in thin bags. The maturation is also accelerated by 
removing a ring of bark from the branch or stem, which leads to an 
accumulation of descending sap above the cut. This is practised in 
vineyards in France on a large scale, and by this operation the ripen- 
ing of grapes is accelerated twelve or fifteen days. De Candolle men- 
tions a Vine near Geneva which never produced fruit till this operation 
was performed. When fruit-trees belonging to a cold climate are 
transferred to a hot one, it frequently happens that no fruit is produced ; 
the leaves become luxuriant, and the flowers, if they expand, are 
abortive. A high temperature sometimes seems to cause the produc- 
tion of unisexual male flowers only. Hence plants in hot-houses when 
over-stimulated by continued heat, are often abortive. They require a 
season of rest or repose in order to perform their functions properly. 

901. The various kinds of edible fruits require different climates 
in order to attain perfection. Thus the Apple and Pear succeed best 
in the middle temperate climes, IVachcs and Oranges require warm 
temperate regions, wliilo Bananas, Bread-fruit, and Mangos demand 
tropical heat. I'hree of the finest known fruits are the Pine-apple, 
which attains perfection in Guayaquil, the (/herimoya, on the slopes of 
the Andes, and the Mangosteen, in the Indian Archipelago. It has 
been remarked, in regard to native fruits, that white berries are com- 
monly sweet, red ones sour, blue have a sour mixed with a sweet 
flavour, and black are either almost tasteless or poisonous. The seeds 
of many fruits, such as the Apple and Pear, have a tendency to sport, 
as it is called, when highly cultivated. By the art of horticulture the 
native Crab- apple and I’ear have been made to produce all the 
esteemed varieties of the present day. These varieties are propagated 
by the process of grafting, to be afterwards described. By making slips 
of improved kinds gi’ow on well -grown stocks, vigour is imparted to 
them, and the maturation is accelerated. 

902. Becapitulation of the chief facts connected with the [)liysio' 
logy of the fniit : — 

1. Fruit U produced after fecundation, and is not pci feet unless it contains seeds capable 

of gei-minating. 

2. Some fniits which are valued for domestic purposes do not produce seeds, owing to 

imperfect impregnation, and probably depending in some measure on the age of 
the plants and their cultivation. 

3. Fruiting has a tendency to exhaust the plant ; annuals die after performing tliis 

function. 

4. If a plant is prevented one season from producing fruit, it frequently furnishes a large 

supply the following year. 

6. The operations of pruning, ringing the bark, and checking the roots, often make fruit- 

trees productive. 

C. Cultivated fruits are much impioved in quality by judicious thinning at the early 
stage of growth. 

7. Green-coloured fruits, particularly when they retain their leafy character, decompose 

carlionic acid under the agency of light, and give out oxygen. 
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8. Hardened Pericarps, which are often of a brown or whitish colour, cease to perform 
active functions. 

0. Succulent fruits often assume tints of yellow, red, or blue, and they seem to give out 
carbonic acid during their maturation. 

10. Fleshy or succulent fruits during ripening exhibit an increase of temperature, and 

lose their austerity and sourness by the conversion of cellulose, dextrin, and acids 
into grape sugar, as well as by the neutralization of their acids. 

11. Succulent fruits swell by an endosmotic action in their cells; those near the surface 

losing fluid by transpiration, and thus having their contents thickened, which 
circumstance causes a flow of less dense fluids from the internal parts. 

12. The transpiration is often ultimately checked by the deposit of waxy matter in the 

cuticle. 

13. During the maturation of fleshy fruits there is a loss of water, a diminution of cellu> 

lose and lignin, and an increase of saccharine matter. 

14. Some austere fruits, when taken from the tree in an apparently ripe state, undergo 

farther changes when kept in a moderate temperature; these changes consist 
chiefly in a loss of water, and a diminution in the quantity of ligneous matter, 
and of sugar. This process has been called bletting. 

15. Green fruits contain pectose, which, by the aid of heat and acids, is transformed into 

pectine, and during maturation pectine is converted into pectosic, pectic, and 
metapectic acids, which give the jellying quality to fleshy fruits. 

1(). In green fruits there is a certain amount of proper heat, seldom exceeding one-tenth 
of a degree. 

17. The time required for the maturation of fruit varies much ; in grasses the time which 

elapses between flowering and the ripening of the fruit varies from thirteen to 
forty-flre days ; while in other fruits several montlis arc required, and in some 
instances a year or more. 

18. The ripening of fruit is accelerated by heat, and by various horticultural operations. 

19. Different fruits are adapted to different climates ; in tropical regions, where fruits 

are best fitted for the well-being of man, they arc produced in great abundance. 

20. Fruits are much improved by high culture, and by the process of grafting on ap- 

proved stocks. 



CHAPTER X. 

PHYSIOLOGY OF THE SEED. 

I. ]yiATlJRAT10N OF THE SEED, AND MODES IN WHICH SEEDS 
ARE SCATTERED AND DEPOSITED IN THE SOIL. 

908. Tlie procliiclioii of an cmbiyo is the object of fertilization. 
Ill the case of flowering plants this embryo is contained in the seed, 
in .which it attains a certain degree of development. In these plants 
after im})r<‘gnation the ovule undergoes evident changes. The embryo 
plant enlarges, attracts nourishment from the surrounding tissues, and 
either absorbs all the contents of the ovule, or becomes surrounded 
by a store of perisperm (albumen), which is deposited within or on 
the outside of the embryo-sac (Fig. 908, p.. 302), or in both situa- 
tions (Fig. 907, p. 302), The nucleus of the ovule is either absorbed 
or becomes tilled with various azotized and unazotized matters, while 
the coats (especially the outer one) become denser and firmer, and the 
foramen is closed. Lignin is often deposited on the walls of the cells 
of the episiierm. The seed by means of these changes is rendered 
more tit to resist vicissitudes of temperature and other accidents which 
might injure the vitality of tlie embryo. 

904. An apei-ispermic embryo (Fig. 923, p. 305) has all the nutri- 
ment contained in its own substance, especially in its cotyledons, and 
when the coats of the seed are removed the embryo alone is found 
within. A perispemiic embryo has a separate store of nutriment be- 
side it, and when the seed-coats are taken off’ the embryo is found sur- 
rounded more or less completely by tliis nutritive matter or perisperm 
(Fig. 908, p. 302). The perisperm consists of amylaceous, gummy, 
and saccharine matters, with oils, resins, nitrogenous substances, and 
certain salts, such as phosphates, sulphates, and chlorides. The pre- 
sence or absence of perisperm seems to be connected with the mode 
in which the seed germinates, and the nature of the perisperm varies 
according as the seeds sprout rapidly or lie long dormant in the soil. 
The store of nourishment laid up in the seed is greater than the em- 
bryo requires in ordinary circumstances. When the perisperm is not 
allowed to be fully foimed before the seed is detached from the plant, 
it sometimes happens that owing to the soft and succulent condition of 
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the albumen, the embryo sprouts rapidly. In such cases, however, 
the embryo does not germinate vigorously, and is apt to fail from want 
of a due supply of nutriment. Some seeds continue to be of a soft 
texture, while others assume a stony hardness, as is the case in the 
Date (Fig. 786, p. 269), and in the Ivory Palm. Some ripe seeds are 
of greater specific gravity than water, and sink when thrown on it. 
In other instances, especially when air is contained in the envelopes, 
as in the Indian Cress, the seeds float In water. 

905. When the seed is ripe, it is either discharged from the seed- 
vessel, or the fruit remains indehiscent, and falls with the seed still 
contained in it. Fleshy fruits, such as Apples and Peaches, fall from 
the tree when ripe, and their succulent portion serves as nutriment 
for the young embryo while sproutiiig. Many dry fruits, especially 
such as are monospermal, fall along with the seed which they enclose. 
In the cereal grains the pericarpial covering and the inleguinent of the 
seeds are incorporated (Fig. 848, i). 283), and in the fruit of Labiatm 
and Boraginacem (Fig. 838, p. 281) these two coverings continue at- 
tached when the seed is ripe. In Composite (Fig. 494, p. 197) and 
Valerian (Fig. 497, j). 198) the haiiy calyx remains attaclicd to the 
fruit, so as to be the means of dispersing it along with the contained 
seed, and in samaroid fruits (Fig. 850, p. 284, and 851, p. 285) there 
arc winged appendages for the same purpose. In the case of the 
Dandelion (Fig. 495, p. 198), the receptacle, w hich is at first succulent 
and flattened, becomes dry and convex, and the phyllaries, w^hich are 
erect, become dellexed, so as to allow the fruit to be easily scattered. 
Other dry fniits dehisce in various ways, as already mentioned (p. 271, 
et seq,)^ so as to scatter the seeds. The opening of the seed-vessels 
takes place either as the result of a drying process, as in Mahogany, 
or from the etfects of moisture, as in species of Meserabryanthemum 
(Figs. 1085 and 1086, p. 411), and in the pod of Anastatica 
hierochiintina, commonly called the Eose of Jericho (p. 411). 

906. Some plants are called Ilypocarpogean, because their fruit is 
subterranean — that is, it is either produced on peduncles underground, 
or, after being ripened in the air, is pushed into the soil by a curvation 
of the fruit-stalk. The fruit of Colchicum autumnalc (Fig. 641, p. 
232) is situated underground in the first instance at the base of the 
long tube of the flower. Vicia amphicarpos and Lathyrus setifolius 
var, amphicarpos produce fruit both on aerial and subterranean 
branches. Arachis hypoga?a, called Earth-nut, produces on its aerial 
branches abortive flowers, while on those underground it developes 
perfect pods. Many aquatic plants which flower in the air deposit 
their fruit in the mud at the bottom of the water, as is the case in 
Vallisneria (Fig. 1094, p. 415), and in Trapa (Fig. 314, p. 134). 
The peduncle of Linaria Cymbalaria at the time of flowering is straight 
and short, but it afterwards elongates and curves irregularly, until it 
comes to a fissure in the rock or wall on which it grows ; there it 
inserts the capsule, which subsequently allows the seeds to escape. 
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The peduncle of Cyclamen (Fig. 469, p. 193) curves in a similar way, 
so as to place the seed-vessels in the earth. The extremity of the 
peduncle of Trifolium subterraneum is provided with a hard point, by 
means of which, after its curvation, it penetrates the soil and deposits 
its pods. Seeds are sometimes provided with hairy and winged ap- 
pendages, as seen in the case of Cotton, Willow (Fig. 896, p. 297), 
Asclepias (Fig. 895, p. 297), Pine (Fig. 893, p. 297), Mahogany, and 
Bignonia, for the purpose of being wafted to a distance by the agency 
of winds. The seeds of plants valuable as food have been dispersed 
by man over various quarters of the globe. Streams also convey to 
a distance the seeds of plants which grow on their banks. The 
pulpy covering of some fruits renders them fit for the food of birds and 
other animals, and when the seeds are hard and enclosed in a stony 
endocarp, they may escape the action of the gastric juice, and be de- 
posited in a state fit for germination. 

907. Seeds are scattered in such a way as to reach the soil best 
fitted for their growth, whether the plants are terrestrial or aquatic. 
Provision is made for the propagation of the species by the production 
of a large number of seeds, so as to make up for the loss occasioned by 
decay, or by the seeds being eaten by animals. The number of seeds 
produced by the Seje Palm is 8000, by the common Spear-thistle 
(Carduus lanceolatus) 24,000, by the oriental Poppy (Papaver orien- 
tale) 32,000, and by the Tobacco-plant (Nicotiana Tabacum) 40,000 
or more. Some common weeds spread very rapidly in gardens in con- 
sequence of the number of their seeds. A writer in the Gardener^s 
Chronicle estimates that the common Groundsel (Senecio vulgaris) 
ripens about 52 seeds in each head of flowers, and produces about 40 
heads or 2080 seeds ; the Dandelion ripens about 135 seeds in each 
head, of which it produces about 20, or 2700 seeds; the Sow- 
thistle (Sonchiis oleraceus) ripens about 230 seeds in each head, and 
produces about 48, thus yielding 11,040 seeds per plant, and the an- 
nual Spurges (species of Euphorbia) form about 180 seed-vessels, each 
containing 3 seeds, and therefore produce about 540 seeds per plant. 
Taking, then, a single plant of each of these species, we find that they 
will together produce 16,380 seeds, which after gemination will cover 
about 3^ acres of land at 3 feet apart. This statement shows the im- 
portance of eradicating such weeds before they ripen their seeds. 


II. GERMINATION OR SPROUTING OF THE EMBRYO 

PLANT. 

908. Germination is the term applied to the sprouting of the em- 
bryo when placed in circumstances favourable for its growth. In the 
case of flowerless plants a cell or spore separated from the parent plant 
is developed into a new organism, while in flowering plants an embryo 
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plant already in a certain stage of development within the seed, begins 
to send out first its root, and then its cotyledons and primary stem- 
bud. In the case of the latter class of plants, germination may be 
defined the act by which the fecundated embryo of a seed leaves the 
state of torpor in which it has remained foi* a longer or shorter 
period, starts into life, as it were, comes out from its envelope, and 
sustains its existence until such time as the nutritive organs are de- 
veloped. 


1. REQUISITES FOR GERMINATION. 

1109. In order that germination may go on, certain conditions are 
necessary. The most important of these requisites are moisture, a 
certain temperature, and air. The absence of light is also favourable 
for the process, and, according to some, electricity promotes it. In 
general, seeds do not sprout until they are placed in the position 
which the plants are subsequent!} to occupy. Occasionally, howwer, 
seeds begin to genninate before being* detached from the plant, as in 
the case of the Mangrove tree (Fig. 12.1, p. 53). Instances are given 
of the seeds of rop])y, and of those of the Lemon, Paj)aw, and Gourd, 
genumating in their seed-ve^^sels, and we often find (^oco-nuts germi- 
nating during their transport from their native country to Britain. In 
such cases there is a sulficient sn])ply of nourishment for the embryo 
in its early state. 

910. A certain amount of moisture is required for germination. 
If seeds are kept in a dry state they can be preserved for a long time 
without sprouting.^ Water is required for the solution of the nutritive 
matter of the seed, as well as for exciting the endosmotic action of 
the cells. No circulation nor movement of fluids can take place in 
the seed until water is taken up. The nourishment of plants is 
absorbed chiefly in a li()uid state. Heeds imbibe a large quantity 
of water, and in so doing their cells becoTne much distended. By 
this means they are enabled to burst the hard cndoc.arpial coverings 
which often surround them, as in the case of what is called stone- 
fruit. Be Candolle says that a Haricot or French bean, weighing 
about 7^- grains, absorbed about 10 ^ grains of water during germina- 
tion, and another, weighing grains, absorbed 6|- of liquid. In 
countries in which dry seasons occur, germination is for a time checked, 
but when the wet season arrives, the seeds sprout with great rapidity 
and vigour. 

911. The amount of heat required for the development of the 
embryo varies much. Home seeds, as those of plants belonging to 
cold regions, require a moderate temperature, others belonging to hot 
countries demand an elevated one. It may be said in general that a 
temperature varying from 60° to 80° F. is the most favourable for 

* SausRuie, dc I’lnflucncc du drbsccliciuenl sur la gcrmmution dc plusicurs graines alimentaires , 
1S2M. 
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Itt cold reglouts the s^wres uf Cryptogams germiuate 
at a very tow temperature. In other instances germination proceeds 
at high temperatures. Dr. Hooker states, that on the edges of hot 
springs in the valley of Soane in India, the temj^erafiire of which was 
sufficient to boil eggs, there occurred sixteen species of flowering plants 
— Desmodiimi, Oldenlaiidia, Boerhaavia, some C^omi)Osita?, Grasses, 
and CyperaceoQ. He also mentions Ranunculus sceleratus as growing 
in the vicinity of hot springs near Monghyr in India, at a temperature 
of 90”. According to Andrejewskyi the following plants grow, watered 
by the hot springs of Abano — Althaea rosea, Hypericum perforatum, 
Ajnga Cliamaepitys, Sednm acre, Spergula arvensis, Arenaria nibra, 
Mentha arvensis, Adianliim Capillus Veneris, and some Mosses ; Ulva 
labyiinthiformis, tJonferva alba, C. anonyma, C. Aponitaiia, and C^. 
capillacea were found growing in water at temperatures varying from 
112” to 14G” F. On the edge of tlie boiling springs in New Zealand 
Colenso mentions that Fe]*ns (as Pteris Brinioniana), Carices, and 
(^ompositm flouiished luxuriantly. Forster, ^vho sailed A^itli (Japtaiii 
Oook, ftnind tlie ground near a volcano in tlie Island of 'Joanna so 
liot as to raise Fahrenheit's thermometer to 210”, and at tlje same 
lime this spot was covered uitli flowers. A liot spring in the Manilla 
Islands, which raises the thermometer to 187‘>, has plants flourishing 
in it and on its bordei’s. In liot springs near a river of Louisiana, 
with a temperature varying from 122” to 145”, Confervas, herbaceous 
[)lants, shrulis, and trees flourish. A species of Cliara has been 
Ibimd growing and reproducing itself in one of the hot springs of 
Iceland, which boiled an egg in four minutes, and various (k)nfervai 
have been seen in the boiling siiriugs of Arabia and of the Cajie of 
(iood Hope. 

912. The necessity of air for germination was demonstrated by 
liay, Boyle, and others before the chemical composition of the atiuos- 
pliere was discovered. Sclieele, Senebicr,-!- and Saussure showed tliat 
tlie presence of oxygen gas was required in order to aid in the changes 
which take place in tlie seed. When seeds were placed in an atmos- 
phere of hydrogen, nitrogen, and carbonic acid, they did not germinate. 
When they are buried deeply in the soil, so as to be deprived of the 
access of air, they do not grow. In such circumstances, wlien the soil 
is turned up so as to bring the seeds near the surface, germination 
often commences. In this way seeds, which have been long dormant, 
spring up on the embankments of railways, and white Glover frequently 
appears when the soil is stirred. Some substances which supply oxygen, 
as weak solutions of chlorate of potass and of oxalic acid, are said to be 
useful in promoting germination. Chlorine acts in the same way by 
decomposing water and setting oxygen free. 

913. Seeds germinate more rapidly in shade than in light, and in 
diffuse daylight more quickly than when exposed to the direct solar 


KilMiirdB et Cohn, tie I'mflnencc (1«* la Tempomtuie biu la Qermiutitioii, IViiis, IfiHl 
•I Iful»cr ct SenrhuT, e«n I’lnftiirncr de I'Air dans la Germination 
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rays.* Boitard sowed Auricula seeds in three flower-pots, one covered 
with a transparent glass bell-jar, the second with a bell-jar of ground 
glass, and the third with a bell-jar enveloped in black cloth. In nine 
days the latter bad sprouted ; those under the ground glass germinated 
on the 12th day; and those under the transparent glass jar bad not 
germinated by the J5th day. In these experiments, however, if the 
sun was shining, temperature might have something to do with the 
result. Experiments have been made as to the effects of different rays 
on germination. Senebier sowed Lettuce seeds in several small cups. 
One of the cups he left exposed to light and air ; another he placed in 
darkness, and a third he confined under a large glass vessel, whose 
bottom was thrust so far up into its body as to leave a hollow space 9 
or 10 inches in height, and 4 or 5 in width ; this vessel was then filled 
with water, through which the light that fell on the seeds beneath 
necessarily passed ; a fourth cup was placed in a similar vessel which 
contained yellow fluid ; a fifth beneath a similar vessel filled with red 
fluid; and a sixth under one that contained fluid of a violet hue. 
Through these fluids the yellow, red, and violet rays were respectively 
transmitted, while the others were for the most part intercepted. He 
found lliat the plants illuminated by the yellow rays grew most rapidly 
in height ; next those in the violet rays ; afterwards those in the red ; 
the plants which grew in light treansmitted through water were still 
smaller, and approached in size to those which vegetated in the open 
air, while those in i)erfect darkness attained the greatest height of all. 
These last plants j^erished on the 8th day, those in the yellow light on 
the 9lh day, wdiile all the others continued to vegedatc. At the end 
of about five weeks, the plants under the red vessel w^ere 4 inches 9 
lines in height ; under tlie violet vessel 3 inches 3 lines ; under the 
water vessel 2 indies 10 lines ; and those in the open air 1 inch and 
3 lines. The leaves of plants in the red light were smaller than those 
of plants in the violet, and tlian the leaves of plants grown under the 
water-glass, or in air. Those exposed to the yellow wTre at first 
green, and then became yellow ; those in red light appeared green, 
and preserved a tinge of that colour ; those in the violet were quite 
green, and their colour augmented with their age ; while those in 
darkness had no colour. Thus the violet rays acted powerfully in 
giving the green colour, but they did not act in the same manner as 
regards the growth and development. Senebier concluded that the 
height and size of a plant w as proportionate to the intensity of the 
illumination, while its verdure depended more on the quality of the 
rays. 

914. Hunt made experiments on the effects of coloured rays on the 
germination and growth of plants. f He passed the sun's rays through 
vai'iously coloured glass, such as deep red glass coloured by oxide of 
gold, deep yellow glass prepared with the glass of antimony, red lead, 

* Senebier, M<5m. Ph\8ico-Clumiquc8, lu. 41. S.iussure, Rcclierclies ChmuqucB sur l.i V<5j{6tatioti, 23 . 

+ Hunt, on the Clieniioil Action of Solar Kadiationi — Brit Assoc. Report for 1860, p. 137. 
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and oxide of iron, deej) blue f^lass coloured with cobalt, as well as 
throiigh coloured solutions. He concluded that the process of ger- 
mination and budding is essentially influenced by the chemical prin- 
ciple actinism, transmitted tlirough the blue media. While the rays 
connected with blue light promoted germination, the luminous yellow 
rays impeded it. fie found also that the decomposition of carbon is 
peculiarly due to the luminous principle, and hence that the formation 
of wood in plants is a function of their vitality excited by light j that 
the development of the flower is due to a delicate balance of the forces 
actinism and light, since wc find that both the luminous and chemical 
agencies are very active during the process ; and that the ripening of 
the fruit and the perfecting of the healthful conditions of the seed are 
due to a combination of the calorific and chemical forces — as evidenced 
ill the so-called parathermic rays. From these facts it appears that 
the germination of seeds in the spring, the flowering of plants in sum- 
mer, and the ripening of fruits in autumn, are dependent on the varia- 
tions in the amount of actinism or chemical influence, of light and of 
heat at those seasons. lie has suggested a kind of glass, coloured pale 
given with oxide of cojiper, as being the best for conservatories, and 
this has been adopted in the construction of the Palm-house at Kew. 

915. Some have supposed that electricity promotes germination 
and growth. The subject was brought into notice so far back as 1746, 
when Mr. Maimbry at Edinburgh announced that electrified plants 
grew more rapidly and vigorously than those that ere not so treated. 
About the same time the Abbe Nollet stated that electrified seeds 
germinated uith increased facility, and he was supported by Ber- 
tholoii and Jalabert. The Iwev. E. Sidney has lately maintained that 
electricity produces a marked efit'ct on growing plants, that their 
pointed leaves withdraw it from the air with great rapidity, and that 
during a highly electrical state of the atmosphere the growth of some 
young shoots is promoted. In the process of germination this agent 
seems to act to a certain extent. Solly, however, thinks that the in- 
fluence of electricity on the growth of plants, so far as it can be deter- 
mined, is very small. 

916. Ur. Antisell of Dublin says, that as atmospheric electricity is 
positive in its character and that of the earth negative, any body serving 
as a point of discharge for these two kinds, receives a shock which, in 
the case of a growing tree or plant, would be a stimulus to its growth 
if the shock is gentle, while it would be fatal if the shock was severe, 
as in thunder-storms. So long as the earth and the atmosphere are 
in equilibrio, the results of electricity on vegetation are not striking, 
but, should any disturbing cause arise, they become evident. One of 
these causes is evaporation of water. Kapid formation of clouds in the 
tropics always precedes thunder-storms ; the electricity of the atmos- 
phere accumulating round these clouds and discharging on the nearest 
objects. The issue tube of a steam-engine is a ready yielder of elec- 

* Soll> on the Jnflncnce of Klectricity on Vejfrtjition— Jonrn Hort Sop Lond » «I, and II. 42 
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tricity. When water is evaporated there is always electrical disturb- 
ance. When evaporation is slow, the disturbance is slight but con- 
stant, and acts on vegetation. Hence, in countries where evaporation 
takes place from a large supply of moisture, vegetation is rapid and 
luxuriant. This depends, he thinks, partly on the moisture, and 
partly on electricity developed during evaporation. Showers are much 
more efficacious than water supplied artificially. Negative electricity 
is said to be favourable in a peculiar degree to vegetable growth. 
Every shower of rain conveys a quantity of electricity to the herbage 
it wets. Every operation of burning produces electricity. When 
wood is burned it becomes negative, while the carbonic ac*id arising 
from it is positive. Decomposition of carbonic acid in the leaf produces 
a like change ; the oxygen which escapes being positive, while the 
cells in which tlie change takes place are negative. Dr. Forster a few 
years ago announced remarkable efiecls from the transmission of the 
galvanic influence through fields of (^ereal grains, and recommended 
what he called a system of electro-culture, by means of vires passed 
from plates of zinc and copper round the fields. Dr. Fyfe examined 
the system recommended by Forster, and was not able to detect any 
evident results on crops. Tlie apparatus which had been suggested 
was found not to produce any current of electricity, no effect being 
visible on the electrometer.* 

917. While moisture, heat, air, and darkness, are favourable to 
germination, it is of importance that these requisites should be pro- 
perly buppli(‘d. In nature seeds are sown in the earth to a moderate 
depth, so as to be excluded from light, and fit the same time to be 
acted on by air, moisture is supplied by rains and dews, and a certain 
temperature is given. Such is the jdan whicli ve ought to imitate in 
garden and field operations. In order that seeds when scattered may 
l)e placed at a proper depth, the soil must be properly ploughed and 
pulverised. The preparation of the soil materially promotes germina- 
tion ; V hen properly ploughed the seeds sink to the same deptli 
throiigliont the field. The pulverising of the soil is much promoted 
by tljc action of frost, which causes the clods to break up. 'I'ho ex- 
posure of the soil to the action of the air is anotlier important object 
in ploughing. The greatest surface is exposed by ploughing when 
the turf lies at an angle of 45®, and the turf will lie in this position 
when its depth is to its breadth, as about 7 to 10. Tlie advantage 
of equal machine-sowing is, that the seeds germinate about tlie same 
time, and the crop is also all ripened at ouce, and the dinunution in 
the quantity of flour caused by allowing some part of it U) remain 
long ill a ripe state is avoided. When seed is sown broadcast by th(* 
farmer, a certain quantity remains uncovered even after harrowing, and 
hence it does not germinate freely. This may be one reason why 
dibbling is more successful as regards the number of seeds whi('b ger- 


* Rxppninfntii on Klrcfro-culfure, III Ji iiiB EtI Soc ofA-iti, in KKi 



620 


KFFECI’S OF DRAINING. 


minate, and why with a smaller expenditure of seed an equal return is 
made. 

2. DEPTH OF SOIL REQUIRED FOR GERMINATION. EFFECTS OF 

DRAINING. 

918. The experiments made in regard to the depth at which 
seeds should he placed, agree in showing the advantage of shallow 
sowing. Tetri gives the following as the result of his experiments on 
sowing rye ; — 


Uepth at w’liicli the Rye 

Number of {trains that 

Period at uhich the plants 

w’Jis sown. 

germinated. 

appeared abo\c gtouiid. 

i inch. 

7 eighths 

11 days. 

1 — 

the whole. 

12 

1 ^ ~ 

7 eighths. 

18 ~ 

' 3 - 

(5 eighths. 

20 — 

1 — 

one-half. 

21 

n — 

3 eighths. 

22 — 

0 — 

t 

I eighth. 

23 — 


The follow ing are the experiments of Burger witli Maize or Indian 
Corn 


Depth at whu'li Period at wJiich I Depth at which PiTiod at whieli 

Seeds were Bowii. they came up. | Seeds were sown. they came up. 

1 inch .... hi days I 3 inch . . . 12 days 

U „ . . . . 94 „ I 34 „ .... 13 „ 

2 10 „ I 1 „ . . . . 1«14 M 

21 „ . . . . Ill „ I r>4and C ... 174 „ 


The more slightly the seed is covered hy the earth, the more rapidly 
the Imd makes its appearance, and the stronger afterwards is the stalk. 
The deeper tlic seed lies, the longer the shoot remains hefore it comes 
to the surface. Ugazi, from observations made in Bavaria, gives half 
an inch and one inch as being the best dejiths at which ordinary cereal 
grains, as well as Peas, Millet, Maize, Buckwheat, and Lentils, sbouhl 
be sown in argillaceous soils, wliile two to three inches is the depth 
proposed in sandy soils.* Large seeds must be placed deeper than 
small ones. 

919. Experience proves, that stirring the soil, so as to insure a 
loose surface, is highly beneficial to growing crops. Air is thereby 
enabled to act more perfectly upon the substances from which plants 
derive their nourishment ; and in dry weather the escape of moisture 
is prevented. When the surface is compact, the sun’s rays dry the 
ground to a greater depth than when it is loose. When the particles 

* Bulletin des Sciences Aj^ricoles. 
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of the Boil are in close contact, the uppermost, parched by tlie heat of 
the sun, draw humidity from those immediately under tliem, and 
these again from others still lower. On the contrary, wlien the sur- 
face 4s loose and well pulverised, it may lose its moisture rapidly and 
become very dry j yet, from imperfect adhesion with the inferior por- 
tion, the latter cannot readily communicate its moisture. In short, 
the loose soil at the top becomes an interposing medium which pro 
tects the under stratum from the drying eftects of the sun.* 

920, In order that land may be productive in tlie case of cultivated 
grains, moisture must be supplied in proper (piantity, and a certain 
amount of heat must be imparted to the soil. ’’J'his is accomplished 
by the operation of draining, which has been carried to great perfeo 
tion of late. Much injury is inflicted on the soil by stagnant water. 
The land is rendered cold, inasmuch as the sun’s rays, in place of 
being expended in heating the soil, are absorbed by the water, the 
temperature of which is not raised so rapidly as that of the earth or 
of the air. There is thus a great loss of heat. Moreover, by the ex- 
clusion of air there is often an imperfect decay of vegetable and animal 
•matters in the soil, so that acids are produced which are deleterious 
and hurl All to vegetation. Hupcrahiiiidant moisture also acts preju- 
dicially oil the climate of a country, and it injures plants by rendering 
them weak and dropsical. ’'File importance of giving bottom heat to 
plants cannot be too strongly insisted on. 

921. The object of draining is not so much to get rid of the water, 

as to make it percolate freely through the whole of the soil, laterally 
as well as perpendicularly, and thus obtain from it the nutriment in 
the shape of ammonia, carbonic acid, \c., which it contains. As the 
water disappears, air occupies its place, and licncc drained soil is aerated. 
Mr. Smitli of Deanston had the merit of reducing tliorongh drain- 
ing to a system. His system consisted in forming parallel drains ol 
from to 3.J feet in depth in the furrous between the ridges, at sucli 

short intervals as to insure the speedy removal of all supei-fluous water, 
whether derived from rain or from springs. The parallel drains are 
made so as to cut the different strata of the land i)erpendicularly to the 
line of strike, whilst the main or leading drains nin across the direction 
of the dip, and are about 6 inches deeper than the parallel drains.f 
The effects of draining are both mechanical and chemical. It gives 
rise to improved efficiency in ploughing, harrowing, and weeding, 
besides saving seed. It also aids the fertilizing power of manures, 
ameliorates the climate, raises the temperature of the soil, accelerates 
the harvest, and improves the herbage and other crops. 'I’he economical 
advantages of draining are thus summed up by Johnston : — 1. Stiff 
soils are more easily and more cheaply worked. 2. Lime and manures 
have more effect, and go further. 3. Seed-time and harvest are earlier 
and more sure. 4. T^arger crops are reaped, and of better quality. 
5. Valuable crops of Wheat and Turnip are made to grow where scanty 

* OrtrdtnerN Chronicle, Sopl 15, 1811 I *5mith. RoniHrka on Ihoroneh Druiniiip, 1844 
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crops of Oats were formerly the chief return. 6. Naked fallows are 
rendered less necessary, and more profitable rotations can be intro- 
duced. 7. The climate is improved, and rendered not only more suited 
to the growth of crops, but more favourable to the health of man and 
animals.* 

922. Drained land in summer is from 10® to 20® warmer than 
water-logged land. Professor Schubler states that the loss of heat 
caused by evaporation in undrained lands amounts to 1 1 to 13^° F. 
Parkes says that in draining the Ked Moss near Bolton-le-Moor the 
thermometer in the drained land rose in June 1837 to 66® at seven 
inches below the surface, while in the neighbouring water-logged land 
it never rose to above 47®. In the London Horticultural Society's 
Garden the mean temperature of thoroughly-drained soil at one foot 
below the surface, in the month of July, is 63®.49 ; and if we take 
water-logged land to be the same as spring water, 47®, then there is a 
gain of 16j®. Experiments have been made which show that in peaty 
soil saturated with water, the addition ot‘ boiling water to the surface 
will not raise the tom])erature to any depth in the soil, so that wet land 
will thus remain cold in spite of all the warm rain that falls. This 
is not the case with drained soil w'here there is a constant percolation. 

923. The depth of drains, and their distance from each otlier, must 
be regulated by the nature of the soil, and of the subsoil. Mr. Smith 
says that where you meet with a hard bottom, you must go down till 
you meet with a good one, but you must never allow depth to com- 
pensate for width. Drains should of course never he shallow^er than 
the known depth to which the roots of annuals descend. In imper- 
vious soils, Smith says that 15 to 18 feet is a good working distance 
for drains. In extremely stitf clay, drains do not seem sutficiently to 
dry the land when first made ; the improvement in these eases is gra- 
dual, and may take several years, but the result is certain. Drains 
in these soils should he 2^ to 3^ feet deej). In very light soils tlie 
distance between the drains may be from 30 to 40 feet, and tlie depth at 
least 30 inches. By making deep, and at the same time efficient drains, 
we increase the quantity of soil available for the pur])oses of plants. 
In the case of deep-rooted plants, it is essential that water should be 
removed from the lower as well as from the u])per portion of the soil. 

924. Drains must be kept clear, otherwise their good effects will be 
lost. Occasionally they become choked np, the roots of j)lants getting 
access to them (see page 428). All that can be done to prevent 
this, is to make deep drains, and not to allow them to pass near trees ; 
also to keep the land clean. Shallow drains are more likely to be 
affected because the roots reach them more easily. The trees liable 
to send in roots are Ash, Sycamore, Alder, Poplar, Willow, Lime, 
Elm, Privet, and Laurel ; these trees form fibrous roots with great 
rapidity. (Jean land, with annual crops, will be little liable to have 
the drains choked in this way, because the roots of annuals are 

* See Johnston’s Lrrtuies mi OlK'nimtrv, 1550. 
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usually not deep, and if they get into drains they will quickly die. 
Dock^ Thistles, Burdocks, Plantains, Bistorts, and Dandelions, are 
very injurious when in the vicinity of drains. 

3. VITALITY OF SEEDS, AND MODES OF PKESERVATION. 

925. Some seeds must he sown immediately after they are ripe, 
otherwise they lose their vitality, and decay. This is the case with 
the seeds of Magnolia, Coffee, Clove, and with those of an oily and 
mucilaginous nature. Even though tlie germinating power is lost, the 
seeds may he in a state fit for food. The seeds of the double Coco-nut 
(Lodoicea Seychellarum), when carried from the Seychelles Islands to 
the Maldives, and those of Entada (Piirsaetha) scandens, when home 
hy the gulf-stream from the Antilles to the outer Hehrides, are to all 
appearance fresh, although they will not sprout when planted. Wheat 
which had been placed in wooden casks, well pitched and secured 
against the influence of the weather, in 1548, made excellent bread at 
Zurich in 1799, although it did not germinate. Seeds with very 
delicate integuments can seldom he kept longer than a few weeks or 
Tuonths, while hard and bony seeds have been known to germinate 
after the lapse of many years. Certain seeds are known to retain their 
germinative powers for a long time. The seeds of Cucumber have 
germinated after seventeen years, those of (]olsa and Mai va crispa after 
eighteen, of Althaea rosea afler twenty-three. Maize after thirty. Hari- 
cots, or French beans, after thirty* three, Melons after forty-one.* For 
sixty years a bag of seeds supplied the Jardin dcs Plantes annually 
with Sensitive plajits. Haricots taken from the Herbarium of Tourne- 
fort, and which were at least one hundred years old, were found to 
germinate, as were also seeds of Hieracium, fifty years old, from Fries’ 
Herbarium, drains of liye have been found fertile after one hundred 
and forty years. 

926. The subject of the A^itality of Seeds has engaged for ten 
years tlie attention of a committee of the British Association, and 
from time to time reports have been issued. Experiments have been 
made on seeds illustrating nearly three hundred genera, and upwards 
of seventy natural orders. It was found that the seeds of Allium 
fragrans, Camassa esculenta, Pinus Pinea, Lupinus grandifolius, Galega 
sibirica. Cassia canariua, Clarkia elegans, &c., germinated after a period 
varying from ten to nineteen years ; those of species of Malva, Hibis- 
cus, Crotalaria, Hedysarum, Phaseolus, Dolichos, Tamarindus, and 
Eucalyptus, &c., retained their vitality for twenty or thirty years; 
while seeds of species of Colutea and (^oronilla germinated after forty 
or fifty years. It would appear, in general, from the experiments, that 
the seeds of Leguminous plants retain their vitality for a long time. -J* 

* Lefeburc, sur la Gcrnimatiou des Plantes, Strasl)urg, 1804. Gerardin, sur la propriety dea 
Graines de ronaerver lougtemps leur vertu germmative, Pans, 1809. 

i Sec* Summary of Exppi imcnts in Biituh AssocLUion Rcpoit for 1850, p. 10*2. 
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927. Seeds placed in particular circumstances have retivined their 
vitality for a great number of years, and even for centuries. Savi saw 
for ten years young Tobacco plants continue to spring up in his garden 
from seed which had been sown naturally. All the young plants were 
regularly rooted out, and yet the supply continued for the length of 
time mentioned; showing that many seeds remained dormant, and 
only appeared as the soil wiis turned up and exposed to air. Duhamel 
noticed the re- appearance of Datura Stramonium, after twenty-five 
years, in a ditch which had been filled up and afterwards cleared. 
Miller noticed Plantago Psyllium grow in a ditch at Chelsea which 
had been newly cleared, and where it had never been known to grow 
in the memory of man. Mr. Vernon Harcourt mentions the following 
instance of delayed germination. A field was prepared for white 
Carrots ; the ( Carrots were sown, but the season being very dry they did 
not grow. The ground was, however, soon covered with a crop of 
white Turnips, which had been sown eiglit years before. The Turnip 
seed had been carried down by rains below the ordinary depth of 
ploughing, and beyond the reach of atmospheric influence, and there they 
remained in a condition which artificial preservation finds it difficult to 
imitate, being neither parched up by too much heat, nor decomposed 
by stagnant moisture, until they were brought by the subsoil idough 
to the surface, where their vital powers were stimulated to action. 

928. Lindley mentions the germination of Kaspberry seeds found 
in 1834 or 1835 in an ancient barrow (tumulus) near Maiden C'lastle, 
along with coins of the Emperor Hadrian. The seeds were in the 
cavity of the abdomen of a skeleton found in a coffin thirty feet below 
the surface, and may have been 1600 to 1700 years old. Mr, Kemp 
details a case of prolonged vitality in seeds found at the bottom of a 
sand-pit twenty-five feet in depth. The plants produced were Poly- 
gonum Convolvulus, lluraex Acetosella, and a variety of Atriplex patula. 
From various circumstances he concludes that they were dej)osited 
there at a time when a lake was formed in the course of the Tweed, 
about a cpiarter of a mile from Melrose ; and as no lake existed in the 
time of the liomans 2000 years ago, he concludes that the seeds were 
very ancient. They are of a farinaceous character.* Desmoulins gives 
the following instance of seeds retaining their vitality for a long period 
in particular circumstances. In the spring of 1834 a proprietor of 
land in the neighbourhood of Pourdeaux having caused a piece of 
ground to be dug over to a considerable depth for the purpose of 
planting a vineyard, discovered a good many tombs, most of which 
presented this remarkable i)eculiarity that the head of the skeleton 
deposited therein rested on a heap of apparently well-preserved seed. 
The graves, from various collateral circiimbtances, were proved to be 
of Koman origin, and were referred to the third or fourth century of 
the Christian era. The seeds were carefully collected and sown, and 
on germination were found to be chiefly Heliotropium europseum, Me- 

* Kemp, on the Vitality of Seed*, &c., In Ann. of Nat Vliat. *er. xlii. S5> 
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dicago lupulina, and Centaurea Cyanus. The facts of this case establish 
the position that certain kinds of seeds, if entirely excluded from the 
agents needful for vegetation, or rather, if shielded from the combina- 
tion of influences requisite for germination, will maintain their vital 
property uninjured for the space of fifteen or sixteen centuries, and dis- 
play it afresh when placed in favourable circumstances.* Burroughes 
found that seeds of Centranthus ruber, taken from an ancient coffin in 
Wymondham Abbey, germinated.*!* 

929. In Stirlingshire germinative seeds of the Corn Marigold 
(Chrysanthemum segetum) were found under six or seven feet of peat 
moss. When new land is turned up it frequently happens that seeds 
spring up which have lain long dormant. White Clover (Trifolium 
repens) appears in these circumstances. In the fens of Cambridge- 
shire, after being drained and ploughed, large crops of Sinapis arvensis 
and alba are said to spring up. When certain marshes in Zealand 
were drained, C^arex cyperoides was observed to grow in abundance, 
although not previously known in the neighbourhood. Fumaria mi- 
crantha has been known to appear in large quantity on newly stirred 
ground near Edinburgh. After extensive conflagrations plants often 
make their appearance which had not been previously seen in the 
neighbourhood. In Newfoundland, after a fire in the forests, the 
ground has become covered with a luxuriant growth of Raspberry 
bushes, succeeded by a thick wood of Birch, although previously to 
the fire nothing but Fir and Spruce had been seen for miles. The 
virgin forests of Brazil (Mattos Virgens), when destroyed by fire, are 
succeeded by plants of a totally diflerent kind. Such forests are called 
Capoeiras. After the great fire of liondon, Ray states that Sysim- 
brium Irio came up in great profusion. 

930. It is not easy to account for the manner in which the vitality 
of many seeds is thus preserved. Uniform temperature, moderate 
dryness, and exclusion from light and oxygen, appear to be essential 
requisites. If the temperature is elevated, and moisture and oxygen 
are present, then germination commences. The vitality of seeds in 
certain favourable circumstances may thus be preserved for a very ex- 
tended period, but it is by no means easy to imitate these conditions. 
Tlie statements made in regard to the preservation of Mummy Wheat 
have not been confirmed by careful observation. Even in the cases 
which appeared to be conclusive, fallacies have been detected. Thus 
Mummy Wheat, supplied by Sir G, Wilkinson to various parties, was 
found in some cases to contain grains of Maize, a plant of the New 
World, which leads to the conclusion that in this case the grains had 
been tampered with. We have no evidence that the Wheat cultivated 
as Mummy Wheat was that deposited 3000 years ago in the Mummy- 
cases, 

** Desinoullns, Notice sur dos gralnes troav^es dans les tombeaux Roraaing, translated iti 
Ifookor'g Companion to the Botanical Magazine, vol. ii. p. 293. 

t Hooker's Companion to the Botanical Magazine, ii. 29H. 
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931. Preservation of seeds in a germinating condition is a matter 
of importance in as far as the introduction of plants from abroad is 
concerned. Seeds brought from India to Britain round the Cape rarely 
vegetate freely, while those brought overland succeed well. Seeds 
are best transported in their pericarps. The flinty coatings of many 
foreign legumes will preserve the living germ for an indefinite period. 
Seeds of Coniferae in a germinative state are often foimd in cones at- 
tached to the spray on which they grew, three or four years after 
the flowers that produced them had been dead. In preserving 
seeds an important requisite is to have them ripe and dry. Corn, 
pulse, and farinaceous seeds generally, will live for a long time if ga- 
thered ripe and preserved quite dry. Such seeds should be put into 
dry paper, and exposed during transportation to free ventilation in a 
cool place, as for instance in a coarse bag suspended to a nail in a 
cabin. Many seeds wJiich cannot be transported w^hen exposed to air, 
will retain tlieir vital properties if buried in clay. Oily seeds, and 
those having much tannin in tlieir coiii^iosition, as Beech-Mast, 
Acorns, and Nuts, must not only be ripe and dry, but also must be 
excluded from the air. They are usually put into dry earth or sand 
pressed hard ; or they are preserved in charcoal powder, and enve- 
loped in tin or wax. Perhaps they might be preserved in hermetically 
sealed bottles full of carbonic acid. Exalbuminous seeds, and those 
having dense and fleshy albumen, bear transportation best.* Mr. 
M^Nab has suggested a mode of transmitting seeds by liaving a strong 
box about ten inches square, with the sides three quarters of an inch 
thick, in which alternate layers of earth and seeds are })laced, th(‘ 
whole being firmly pressed together. In this way seeds have been 
sent by Dr, M‘Nab from Jamaica to the Botanic Clarden of Edin- 
burgh, and nearly the whole of them germinated. On the arrival of 
such a box tlie layers of earth and seeds are taken out in succession 
and put into separate boxes. Wardian (^ases (Fig, 1154, p. 484) 
may also be employed for the transmission of seeds in cartli. The 
seeds will thus be brought frequently in a germinating condition. 

932. Alphonse De Candolle finding that there have been fallacies 
in regard to the vitality of seeds, from not attending to the particular 
circumstances in which they have been preserved, made experiments 
on the subject by taking seeds of difierent natural orders, collected 
simultaneously in the same garden, transported and preserved in the 
same manner, sown in equal numbers, and in similar conditions of soil, 
humidity, and temperature.-}- The seeds were collected in the Florence 
Garden in 1831, and were sown on the 14th May 184G, being nearly 
15 years old. He selected 368 species belonging to about 150 different 


* Hooker, Remarks on the Transiiortation of Seeds, in his Paper on the Vegetation of the (IuIh 
p»gos Islands, in Linit. Trans, xx 266. 

+ De Candolle, on the relative Duration of the Power to geininiate in Seeds beloni^ing to different 
natural Farniiies, in Annales des Sc. Nat. 1st ser Bot. xx 38; tr.inslated in Annals of Nat. Hist. 1st 
s»*r XX 38 



VITALITY OF SEEDS. 


627 


genera, and 53 faniilies. Twenty seeds of each wore sown in i)eat 
mould in pots, and watered. The pots were kept under examination 
till autumn. The mean temperature in June, the period when several 
species sprung up, was 66.2° F., that of July 65.3° F., and the maxi- 
mum reached 86° and 87.8° F. Out of the 368 species only 17 ger- 
minated; of the 17 species which came up, Dolichos unguiculatus 
was the only one that yielded more than one-half the seeds sown, 
viz., 15 out of 20, others had 1, 2, or 3 germinations in 20 seeds, 
Lavatera erotica approached nearest Dolichos, but there were only (» 
out of 20 that germinated. 

933. The natural families experimented on by De Candolle are 
classed as follows, commencing wdth those where the largest propor- 
tion of species preserved the power of germinating, and ending with 
those where ten or more species having been sown, none came up : — 


NATURAL ORDERS. 

No of Species 
which 
germinated. 

No. of Species 
sown. 

Per cent, 
which 
germinated. 

Malvaceae 

5 

10 

60 

Leguminosfic 

9 

45 

20 

Lahiata? 

1 

30 

3.3 

Scrophulariaceae 

0 

10 

0 

Umhelliferae 

0 

10 

0 

Caryophyllaceae 

0 

16 

0 

Gramineae 

0 

32 

0 

Crucifcric 

0 

34 

0 

Compositoc 

0 

45 

0 


'file seeds of Malvaceie and Leguminosai excelled all the orders 
examined in the duration of the faculty of germination, while in Com- 
positae, Crucifera', and Gramineaj, the germinative power did not 
appear to last long. 

934. Of the 368 species there were 357, the duration of which 
was known from Botanical works, and 11 doubtful. Of these 357 


species there were — 





No. which germinated. 

Per cent. 

Annuals 

180 

9 

6.0 

Biennials 

28 

0 

0.0 

Perennials 

105 

4 

3.8 

Ligneous 

44 

3 

6.7 


Woody species seem to preserve the power of germinating longer than 
others, whilst biennials are at the opposite extreme. Perennials pro- 
bably lose the power of germination more quickly than annuals. 
T^arge seeds api>eared to De Candolle to preserve the power of germi- 
nating longer than small ones. The presence or absence of separate 
albumen did not seem to make any difference. Some albumens, such as 
those of Coffee and of ITmbelliferic, are difficult to preserve from special 
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chemical conditious. Composite seem to lose their germinating power 
very early. From other experiments, De Candolle concludes, that the 
duration of the faculty of germination is frequently in an inverse pro- 
portion to the powder of germinating quickly. 

935. As regards si)ore8, some of them seem to lose their vitality 
soon. Thus Thurct could only make fresh spores of Equisetums ger- 
minate. Others appear to retain the vital properties for a very long 
period. Ferns have been raised from spores taken from plants preserved 
in old Herbaria. Two plants of Gymnogramma Calomelanos were ob- 
tained in the Liverpool Garden from sowing spores which were taken 
from the Herbarium of Forster, and w'ere about fifty years old. A simi- 
lar powder seems to reside in the spores of many of the lower Cryptogams, 
which are only developed in j)eculiar circumstances; as for instance in 
the spores of parasitic Fungi, which are constantly floating in the atmos- 
phere, ready to germinate whenever they light on an appropriate nidus. 

936. Various means have been adopted to make old seeds germi- 
nate. Otto of Bei-lin puts seeds into a bottle filled witli a solution of 
oxalic acid, and allow\s them to remain till germination is observable 
(generally from tw(*nty-fonr to forty-eight hours), and then sows them 
in the usual way. They are sometimes wTapped in a woollen cloth 
soaked in oxalic acid. Seeds from twenty to forty years old have been 
made to grow by this means, when they would not germinate in the 
usual way. Others propose a solution of chlorate of potash, or of 
chlorine, or a very wetik solution of nitric acid, as a means of promoting 
germination (see page GIG). Humboldt states that the seeds of the 
common (h’css (Lepidinm sativum) in a solution of chlorine germinated 
in six or seven hours, whereas in water germination did not take place 
for thirty-six or thirty-eight honrs."*^ 

937. Different seeds have different powers of resisting external in- 
fluences. Cereal grains have been found by Edwards and Colin to 
bear a short exposure to 122" F. in water, 143".G in steam, and 167" 
in dry air, as w^ell as a dry cold of 70" below the freezing point. 
Thus these grains bear 21 ".6 more in steam than in w\ater, and 23".4 
more in dry air than in steam. Mr. Hemingway slates that seeds 
of Elder (Sambucus nigra) germinated after being twice boiled in 
making wine, being present during the vinous fermentation, and re- 
maining for twenty months in the dregs of the cask.J The seeds of 
l*hytolacca dccandra, and of the Easpheny, have been known to ger- 
minate after exposure for a sliort time to the heat of boiling syrup. 
Payen found that the spornles of Oidium aurantiacum bore a tempera- 
ture of 221" to 248" F. even in moist air for half an hour without de- 
stroying their vegetating power.§ 

* Humboldt, Flora Fribergensig Subterranea, 1793, p. 156. 

I- Edwardg et Colin, de I’lnftuence de la temperature Bur la Germination, in Annales des Sc. Nat. 
2d Bcr. Bot. i. 257 , &ur la Vdg^tutiou dee Cereales sous de hautes temperaturcB, in Ann. des Sc. Nat. 
2d Ber. Bot. v. 1. 

t Hemingway, on the Vitality of Seeds, in Ann. of Nat. Hist. 1st ser. viii. 817. 

k Payen, ies temperatures que peuvent supporter les spoiulet de rOidlura.—Aiiii. de Cliim. ct de 
PJiys. xeix. 253. 
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4 LENGTH OF TIME REQUIRED FOR GERMINATION 

938. The time required for the germination of seeds depends 
greatly on the texture of their coats, as well as their age. Some exal- 
buminous seeds, such as Cresses, which are also very hygroscopic, 
sprout in twenty-four hours, others require many days, or even months. 
Hard seeds, such as those of some Palms, lie long doi mant. The seeds 
of the Almond tree, which germinate in five or six days when sown 
immediately, require a year when kept till spring. Large seeds arc 
slower in germinating than small ones, because they require more 
water, and their absorbing surface does not increase in proportion to 
their size. Seeds having an osseous or stony spermoderm, and those 
which ai-e sown naturally while contained in a hard pericarp, as Nuts 
and Aclienes, germinate more slowly than others. The germination 
may be expedited by tlniiiiing or chipping the envelope, so as to allow 
water to penetrate more easily. In seeds, however, which take a 
very long time to germinate, this procedure may cause them to decay. 
Many of the seeds enclosed in a hard shell or stone germinate in the 
midst of a decaying mass, which must contribute to the decomposition of 
the shell. Soaking hard seeds in water, {)r causing them to pass through 
the digestive canal of animals, greatly accelerates gcimiriation. The seeds 
of Hawthorn, and others of a similar nature, are thus often deposited by 
birds in peculiar localities in a state fit for immediate germination. 

939. Alphonse De Candolle examined the germination of 8G3 
species in the open air, and the following table shows the general 
results. In each of the orders there were a considerable number of 
species experimented on, and the epochs of the maximum of germina- 
tion are slated in the order of their rapidity ; — " 


^ATUllAL OltDJJllS. 

’ No ol SpetiL'S 

D 1 } on Hit* "renter 

Nutubei ^ormiiiuted. 

Amaranthaceup 

iis 

(itU to 8th day 

Crucifera) .... 

oo 

8th day 

lioragiiiaccKJ 

1.5 

!)th ,, 

Caryophyllaccio .... 

40 

!»th ,, 

Malvacea) 

25 

loth ' 

Compositoc 

U)() 

11th 

Convolvulacete . . . 

12 

11th 

Graraineae 

1 99 

11th „ 

Plantaginacca' .... 

] \ 

11th „ 

Polygonacea) ... 

1 1 

12th „ i 

Chonopodiaceai .... 

27 1 

13th „ 1 

Valerianacea3 


13 th „ 

Campamilacoaj .... 

. 9 j 

14th „ 

Lahiata) ...... 


14th 

Leguminosw 

1 

1 122 

14th 


* De Cwndolh', Pliysiolojfie Vem*(alr, n GIS 
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940. Out of 379 seeds raised in a stove under tlie same circum- 
stances, the results obtained by Alphonse De Candolle as to the date 
of germination were as follow : — 


Seeds. 

Drty of 
Qcrminution. 

Seeds. 

Day of 
Gennmation. 

Seeds 

Day of 
Germination. 

Seeds. 

Day of 
Germination. 

1 

2d 

15 

8th 

23 

14th 

1 

23<1 

10 

3(1 

17 

9th 

7 

15 th 

2 

25 th 

20 

4th 

41 

10th 

8 

16th 

4 

26th 

46 

5th 

17 

11th 

17 

17 th 

15 

27th 

52 

Gth 

20 

12th 

3 

20th 

13 

28th 

27 

7th 

17 

13th 

1 i 

1 

21st 

3 

1 

30th 


941. The experiments of Alphonse De Candolle give the follow ^ 
ing results as to germination at dilfcrent temperatures : — * 


NUMBER or DATS REQUIRED EOE 
GKUMINAIION. 


NAMES OF SPECIES. 

In the open air, 
46.40 to 53 6‘> 1 . 

In a stove, 
64.40 to 770 K 

Erigeron caucasicum 

10 

2 

Thlaspi ceratocarpum .... 

8 

4 

Dolichos ahyssinicu.s 

10 

3 

Zinnia tenuiflora 

11 

5 

coccinea 

22 

5 

Grahaiuia aromatica 

14 

5 

Solidago hirta 

11 

5 

Lablab vulgaris 

14 

10 

Anthemis rigescens 

7 

() 

Rheum imdulatum 

8 

7 

Duvaua dependens 

22 

16 


Jt is stated in Silliinaids Jonnial that tlie Lima Bean, at a tempera- 
ture of 88® in the shade, will appear above ground in 7 days ; at a 
temperature of 62", in 20 days. The Marrowfat Pea at 51" requires 
19 days, while at 74" it requires only 11 days. The germination of 
Radishes varies with the temperature from 6 to 12 days. 

942. The rapidity with which some annuals germinate in arctic 
regions when the heat of summer returns is very remarkable. They 
pass through their periods of germination, flowering, and fruiting in a 
very short period. Such is also the case in warm countries after the 
dry season. After the dry season in the Brazilian plains, and when 

* l)e Candolle, Physiologic Vdi^dtale, ii. 649. 
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the first few showers have fallen, Gardner remarked that the annual 
Grasses pushed forth their blades with astonishing rapidity and vigour. 
Spruce states that on the sandy shores of the Amazon and Tapajoz, 
after the waters leave them, several small annual or rather ephemeral 
plants spring up. They start up from the sand, fiower, and ripen their 
seeds in the course of a few days, and then wither. Amongst them 
are an Alisma, two or three Eriocaulons, a Xyris, and some minute 
Cyperaceae. 

5. CHEMICAL CHANGES DURING GERMINATION. 

943. During the germination of seeds, alterations take place in the 
nature of their contents. When the embryo occupies the entire seed, 
changes occur in the cotyledons, by means of which nutritive matter 
is prepared ; when there is a separate store of perisperm, its consti- 
tuents are acted upon by moisture, heat, and air, so as to undergo 
chemical changes. Alterations take place in the azotized matter, and 
part of the fibrin gives origin to diastase, which acts as a ferment ; 
acetic acid is also formed, and the starchy matter is converted into 
dextrin and grape-sugar. Thus insoluble matters are rendered soluble, 
and a large amount of saccharine matter is produced. At the same 
time there is an evolution of carbonic acid, in consequence of a com- 
bination between the oxygen of the air and the carbon of the seed, 
and as the result of this chemical action a certain amount of heat is 
developed.* The heat is carried off very rapidly by the soil in ordi- 
nary cases, so that it is difficult to ascertain its amount ; but when 
seeds are laid in moist heaps the increase of temperature becomes ap- 
parent. 

944. SauBSure made experiments as to the changes produced on 
the air during germination.-J- He put 21 grains of Wheat soaked in 
water into a close vessel containing air, during 21 hours. They began 
to geiTninatc at the end of 17 hours. 


The Air before the Experiment contained — 
Cubic Centimetres. 
Nitrogen . . . 148.84 

Oxygen . . . 39.86 

188.7 


llie Air after the Experiment contained— 
Cubic Centimetres. 
Nitrogen . . . 148.32 

Oxygen . . . 37.44 

Carbonic acid . 2.47 

188.23 


Thus the Wheat diminished the atmosphere by 0.47 cubic centimetres ; 
it formed 2.47 of carbonic acid, and removed 2.42 of oxygen and 0.52 

* See IngenhouBz, Experiences sur les V€g6taux, ii. 35, 87. Seneijier, Physiol. Vdgdtale, iii. 118. 
SauBBure, sur la V6g€tation dans I’Air Atmoapherique in Ann. de Chimie et dc Phys. iBt series, xxiv. 
139 ; also Eeclierches Chimiques sur la V^gdtation, p. 10. Goeppert, ueber warme entwickelung in 
der lebenden Pflanze. 

f SaxuBsure, but PAlteration de I’Air par la Germination, in Annalea des Sc. Nat. 2d ser. ii. 270 
also M6m. de la See. d’Hist. Mat. de Geneve. 
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of nitrogen. Three seeds of Haricot (Phaseolus vulgaris), after being 
soaked in water, were enclosed in a vessel of air for 48 hours. They 
commenced germinating in 24 hours : — 


Air before the Ikperlmcnt. 

Cubic Oentimetres 
Nitrogen . . 151.41 

Oxygen . . 40.24 

191 .^ 


Air after the Experiment 

Cubic Centimetres. 
Nitrogen . . . 150.44 

Oxygen . . . 31.26 

Carbonic acid . . 9.63 

191.'23 


In this instance the air was diminished by 0.42 cubic centimetres, 9.53 
of carbonic acid were formed, and 8.98 of oxygen and 0.97 of nitrogen 
disappear(*d. When the Beans were again soaked in water, and al- 
lowed to grow for 48 hours more in the same fpiantity of fresh air, 
until the radicles were from 16 to 27 millimetres in length, there were 
formed 15.94 cubic centimetres of carbonic acid, while 15.13 of oxygen 
and ().<S1 of nitrogen disappeared. In the same vay four seeds of the 
B(‘an (Faba vulgaris, equina) enclosed in air for 48 hours, gave the 
following results : — 


Air before the Experiment. 

Cubic rentunotrcB 
Nitrogen . . . 210.26 

Oxygen .... 36.29 

26().5r> 


Air aftei the Experiment 

Cubic Contiinctrutf. 
Nitrogen . . . 209.41 

Oxygen . . . 44.38 

Carbonic acid . . 11.27 


Here 11.27 cubic centimetres of carbonic acid were produced, whih* 
11.91 of oxygen and 0.85 of nitrogen disappeared. 

945. Four Peas soaked in water were placed for 48 lioure in 
oxygen gas, and the same number were placed in air during the same 
period. At the end of the experiment the radicles in oxygen were from 
15 to 23 millimetres in length, those in the air from 12 to 19 : — 


Gas before* the Exponnient 

Cubic Centimetres ' 

Oxygen . . . 194,7 | 

Nitrogen ... 4.8 , 

199.5 

Air before the Experiment. 

Cubic Centimeties 
Nitrogen . . . 161.2 

Oxygen ... 43.1 

20*L3 


G.is after the Experiment. 

Cubic Centimeties 

Oxygen . . . 3 78 

Carbonic acid . . 15 

Nitrogen ... 4.7 

197.7 

Air after the Expenment 

Cubic Centimetres. 
Nitrogen . . . 160.17 

Oxygon ... 31.23 

Carbonic acid . . 11.7 

203.1 


In the oxygen 15 cubic centimetres of carbonic acid were formed, and 
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16.7 of oxygen disappeared; while in the air 11.7 of carbonic acid 
were formed, and 11.87 of oxygen disappeared. 

946. While Saussurc states that a certain amount of nitrogen is 
absorbed during germination, Boussingault says that in his experiments 
with Trefoil and Wheat, there was neither gain nor loss of nitrogen.* 
Boussingaultf gives the following results of ex[)eriments on the changes 
which take place in the elements of the seed during germination : — 



Weight. 


Composition 


Seed before germination 
Seed after germination 

Giammes. 

2.405 

2.241 

C 

1.222 

1.154 

n. 

0.144 

0.141 

0. 

0.866 

0.707 

N. 

0.J73 

0.179 

Difference 

—0.164 

—0.008 

—0.003 

—0.009 

-l-0.00(> 


The total loss during germination was 0.164 grammes, and of that 
0.068 was due to loss of carbon. 

947. In the malting of Barley these changes are well seen. The 
grain is steeped in \^ater in the first instance, so as to soften and swell; 
it is then laid in heaps 30 inches de(‘p for 20 or 30 hours. In this 
situation it becomes w arm, and gennination commences. J This is mode- 
rated hy layijig the gi’ain in thin strata of a few inches thick, on large 
airy hut shad(‘d floors. There it remains 12 or 14 days, until germi- 
nation is sufficiently advanced, being frecjueiitly turned in the mean- 
time, in order to allow c‘ach grain to germinate equally, and to prevent 
entangling of the radicles of contiguous grains. I luring this process 
sugar is formed, which is intended for the nourishment of the young 
plants, find if left long it would all be absorbed. This is prevented and 
germination Rtopp(‘d by exposing the gi-ain in a kiln to a temperature 
rising from 100® to 160® or more. Thus the grain is dried and its 
vitality destroyed. 

948, Durijig germination it is probable that there is a cer- 
tain electric distnrbaiiee. Carpenter says, the conversion of the 
starch of the seed into sugar involves the liberation of carbonic 
acid, and of a small quantity of tieelie acid. Now as all acids are 
negative, and as like electricities repel each other, it is probable that 
the seed is at that time in an electro-negative condition. Hence ger- 
mination is said to be quickened by connecting the seed wdth the 
negative pole of a feeble galvanic apparatus, whilst it is retarded by 
being connected with the positive pole.§ 

* Boussingault, Beclierclips Clnmiques sur la Geinmiatjnii,in Conijites Reiidus, m 102. 

t Boussingault, Eronomic ruiale, i. 39. 

t Goeppert states that seeds of different kinds, uhen made to germinate in quantities of abnut 
pound in air of 48® to 66® F., showed tcnipcratuies \ ary mg from 66® to 120®. 

^ Carpenter, Gen. and Comp. Physiology, p 72. 
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6. GERMINATION OF ACOTYLEDONOUS, MONOCOT YLEDONOUS, 
AND DICOTYLEDONOUS PLANTS. 


949. When the spores of the lower Acotyledonous plants germi- 
nate, they send out cellular processes of a more or less conical form, 
which serve the purpose of roots, and which often divide. These 
cellular prolongations may be formed from the entire walls of the 
spore, or from its inner covering. In Figure 1263 there is repre- 
sented the spore of a cellular plant before germination, provided with 
four cilia. In Figure 1264 are seen the germinating spores of another 
cellular plant, in which the cilia have disappeared, while one end of 
the spore has elongated in a conical manner, a, and has finally 
divided into three, h. The protrusion of a similar ramified root-like 
process is well seen in unicellular plants (Fig. 1265). 





Fig. 1266. 


950. "Jlie germination of the spores of Liverworts (Marchantia) 
exhibit a similar production of elongated conical processes (Fig. 1266). 
When these tubular prolongations protrude through the outer coat of 
a spore, they exactly resemble the pollen tube, which may be consi- 
dered as the result of the germination of a single cell placed on the 
Btigmatic surface — the soil fitted for its growth (Fig. 1211, p. 567). 
In Figure 1267, the spore of a Sea-weed (Fucus canaliculatus) is 
represented during germination, with its cellular roots protruded through 


Fig. 1268. Spore, r, of an Algee {Ghalophora), before germination, provided with cilia, c, which lose 
their moveable properties and fall off when the spore begins to grow. 

Fig. 1264. Germinating spores of a ceUular plant (Prolifera rivuhris), a, Spore giving out a conical 
root-like process, r, while the other extremity, containing a nucleus and granules, form a cellular frond. 
b, The same spore, with the root-like process, r, dividing. 

Fig. 1266. A unicellular plant (Botrydium granutatum), germinating and giving off at the lower 
end of the cell ramiii^g processes which Ihlfll the functions of root-fibrils, while the upper part is the 
cavity in wliicli fmctification is produced. 

Fig. 1266. Germinating spores of a species of Liverwort {Uarehaniia polymoifha), in different 
stages of growth. A small cellular protuberance first appears, a, which ultimately elongates, as seen 
at h. In the progress of development roots are produced, and a thalloid expansion bearing frur- 
tificatioii. 
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the epispore. In the germinating spores already noticed, one part 
appears as a root-like portion, while the opposite end is developed as 
a thallus bearing fructification. While the germinating spores of 
Liverwort are shown in Figure 1266, the fully developed plant, with 
its thallus and fructification, is seen in Figure 1007, p. 337. 

951. In the case of Fungi, there is produced a peculiar subter- 
ranean axis called mycelium or spawn, on which the fructification is 
ultimately developed (Fig. 1021, p. 345). This mycelium spreads 
equally on all sides from the original point of development. In this 
respect it is analogous to the thallus of Lichens. The more delicate 
the mycelium the quicker it grows, and the more easily the older por- 
tions perish. The circumference is often vigorous, while the central 
parts are dead or evanescent, so that the mycelium grows in the form 
of an increasing circle. Then, at the time of the formation of spores, 
numerous pilei arise from the outer part of the mycelium in the form 
of a circle or ring, and thus a fairy ring is formed ; in the same way as 
in many Lichens, the thallus spreads in a circle, and at its extremities 
produces fructification or apothecia (Fig. 1013, p. 342). In many 
ParmeliaB and in Peltigena3 the growth and decay are slow, and they 
often vegetate and fructify perfectly towards the margin of the tliallus, 
while the centre is entirely decayed. Even where the thallus is very 
persistent, the progress of vegetation and fructification from the centre 
to the circumference is distinctly visible. In old specimens the centre 
is usually free from apothecia (unless when a new superincumbent 
thallus has been formed after the decay of the old) ; then succeeds a 
ring of large, perfect apothecia, and then, near the margin of the 
thallus, a circle of young apothecia, which are younger in proportion 
as they are nearer the margin. A large fairy ring, formed apparently 
from many individuals of one species of Fungus disposed in a circle, 
really, then, constitutes the organs of fructification of a single indivi- 
dual only. Many obstructions occur to the development of such 
individuals, and hence the reason of their rare occurrence. Stones, 
stems of trees, insects, and unfavourable w^eather, all interfere with 
the progress of the mycelium. A fairy ling of Clavaria Botrytis has 
been noticed twenty feet in diameter, with tufts of fruit-bearing 
branches one or two inches distant from each other. 

952. The spores of many of the lower Acotyledons, such as Fungi, 
are so minute as to be easily scattered by the wind, and thus they are 
sometimes developed in very anomalous situations. Spores sometimes 
find a nidus in diseased structures in man and animals. Thus, in the 
disease of the skin called Porrigo favosa, as well as in Mentagra and 
Aphthae, peculiar cellular bodies are produced, wdiich appear to be 
altered and metamorphosed vegetable forms. In the case of the 
silk- worm, a Cryptogam called Botrytis Bassiana is found in a dis- 
ease to which they are liable, and which has been called Muscardine. 
Caterpillars exhibit occasionally germinating spores of species of 
Sph»na. Spheeria Robertsii grows on the lanui of Hepialus virescens 
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in New Zealand (Pigs. 1023 and 1024, p. 345). Other Sphaerias are 
produced in similar situations. Mr. Jones Stephens has recently 
noticed one on the larva of a lamcllicorn l)eetle from Bogota.* 
Species of Polistes are seen flying about in the West Indies with 
vegetable growths ])rojccting from them. They are called vege- 
tating wasps. Sporendoiiema miisca) is a vegetable form which 
grows on the body of a fly in the tropics. The spores of Fungi are 
diffused in the air, ready to alight on any body which can furnish 
a nidus for them. In this way various kinds of Mould are deve- 
loped — the spawn or mycelium produced from the spore ramifying 
through the decaying matter, and sending up at intervals fructification. 
In some cases the mycelium becomes remarkably developed, and does 
not produce ordinary spore-bearing organs. Thus in vinegar and 
syrup a peculiar fungoid mass is often produced, which is probably 
a modified form of some kind of Mould. The Vinegar-plant seems to 



be a peculiar mycelial development of the Mould called Pcnicilliimi 
glaxicmn. During the germination of the spores, certain changes are 
induced in the fiuid surrounding them. Thus a saccharine solution is 

Fig. 1267. Germination of spore of a Sea->»ced (Fucus cunnhntlatux). Cellular filaments are seen 
bursting through the outer covering of the spore I'hesc filaments appear to be formed by a pro 
lougation of the inner coal of the spore. 

Fig. 1268. Spore of a Moss {Funaria hyyrometrxca) germuiatiug. The spore, a, gives out a ccl- 
lullar process, which elongates and divides, as seen at 1. This produces the cellular prothallus. 

Fig. 1269. The same Moss further developed, showing the cellular prothallus, p, or pro-embryo, 
with its roots, r, and buds, o, b, whence arise leafy stems bearing the organs of reproduction. 

* See Hooker’s Jonrual of Botany, iii. 77. Berkeley, on Fntomogenous Spheeriw, in Ixmd. Joum. 
Bot. II. 205. Bennett, on Parasitic Vegetable Structures found growing on living Animals, in Trans. 
Roy. Soc. Edin xv. 279 Goodsir, on Sarcinula, m Ed Med and Surg. Jouni. No. ch. Also Ann. Nat. 
Hist. XI 126. 
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converted into vinegar. The mycelium is sometimes formed in sepa- 
rate layers, which can be detached from each other, so as to fom 
mdependent vegetating masses. The spores of a Fungus (Menilins 
l^iymans), when introduced into wood, germinate, and produce the 
disease called dry-rot.* 


953. In higher Cryptogams the spore produces first a cellular 
prothallus, whence roots and reproductive organs proceed. In Mosses 
the geminating spore foms, in the first instance, a cellular prolonga- 
tion, which becomes a conferva-like germ, whence buds arise, bearing 
the leafy plant with its fructification. This is shown in Figure 1268 
where a germinating spore, a, of a Moss is seen protruding a cellular 
process, which elongates and divides, as seen at i, and finally, as 
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budlare^nm^rtit^^^^A i”™'' * cellular prothallus, p, whence 

1 ced, a, J, bearing the leaves and the organ.s of repro- 


STe'oftti*' ‘if P. 

A root, r, IB pr^uced from ttie lowest cell * ^ ^ chlorophyll jrrantileB. 

prothallus, p, whence ceSXr ^ ^ 

tion, and gives origin to the sporangiferLs fron/’ prothallus bears the organs of reprodnr- 
— FWiaugnerouB trond. See also Figures 1226 . 1227 , and 1228 , p. 674 . 

dried presems; S/ia[ on°^t?-^^LTA Mucedo, on 

M in the London Docks; *'*“*'’’ Mtodum, m lowceUars. 

books, when exposed to moisture substanees- often growing on 

•»<««, Oidium, Sporocyhe and ^ temperature; various species of MyxoMchium, cLto^ 

conditions of heat wifmoisture* J”®"’ parchment, according to the vaiTing 
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duction. In Ferns the spore gives origin to a thalloid expansion, the 
prothallus, whence roots proceed, and ultimately the sporangiferous 
frond. In Figure 1270 there is represented the spore, s, of a Fern 
giving out a cellular prothallus. This prothallus enlarges, as seen in 
Figure 1271, gives out root-like processes, rr, and finally bears the 
organs of reproduction,* 

954. The embryo of a monocotyledon has often at first sight no 
marked division of parts (Fig. 1272). There is seen a slight projec- 
tion at one end, r, which ultimately forms the root, and a uniform 
conical mass, which consists of the cotyledon, r, with the primary 
bud and a\is ; at the lower part there is a slit, 5, which, as germi- 
nation proceeds, gradually opens, so as to allow the plumule to pro- 
trude. The enveloping body is the single cotyledon. The same 
appearance is presented in the embryo of a species of Pondweed (Fig. 
1273). The general axis, «, gives off at one end a radicle, r, forming 
the root, wdiile the cotyledon, c, at the other extremity, envelopes the 
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first bud or plumule, which, in germinating, protrudes through an 
opening or sht in the cotyledon. 

955. In a monocotyledonous seed there is generally a supply of 
albumen, which is gradually dissolved and absorbed as germination 


Fig 1272 Fmbrjo of a species of Arrow griisB {Ti tylvrhtn Unn fheu) sliuw ing a uniform conical 
mass, with a slit, near the lower part The cotyledon, r, ent elopes the joung bud, which protrudes 
at the sht during germination The radicle is dt\ eloped fiom the lower pari of the axis, r 

Fig 1273 Curved conical embiyo of a species of Pondweed {VotamogeUm perfohatus) The 
axis, a, gives off at its lower extremity a radicular process, r, whence rootlets proceed, while the single 
cotyledon, r, envelopes the first hud, g, called gcmmule or plumule, which in germinating protrudes 
through a slit or fissure 

Fig 1274 Grain of Wheat (Trtttcum) germinating Tlu embryo lies at one side of the grain, g 
The radicular portion of the embryo gives off rootlets, rrrrr, covered with cellular hairs TTie 
principal root is the central one, the others being developed subsequently in succession 7 he roots 
pass through sheaths, c c e The ascending axis, f sheathed m the cotyledon, rises upwards Irom 
the mode m which the roots proceed from an iiiteiual radicular axis, the embryo w as called b> Eichard 
rndorhiral 


* l*or further remaris on the germmation of ieins, see Ilcnfrey, in the Gord. Mag of Uotany 
for 1861, p. 22 , Lindsay, in lann Trans ii 93 , Henderson, in Mag of Zoology and Botany, i 888 , 
and MaC'Vicar, in Trans of Boy Soc of Fdin z 268 Also Suminski’s work, and otlieis refen ed 
to in the notes at pages 820 and 330 
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proceeds. Sometiines the whole of the perisperm and its cells disappear ; 
at other times, as in the seed of the Ivory Palm (Phytelephas macro- 
carpa), a portion is removed, and a sort of cellular 
skeleton is left within the seed. The radicular por- 
tion of the axis is more or less truncated, and sends 
off numerous rootlets, which pass through sheaths or 
coleorhizae formed by the lower part of the axis. This 
is shown in the germinating grain of Wheat (Fig. 

1274), in which the rootlets, r, are covered with cel- 
lular hairs for the purpose of absorption. The central 
root is first developed, and the others come off in 
succession as secondary rootlets. When there is no 
albumen present, the cotyledon is usually pushed up- 
wards beyond the seed. Thus, in the common Homed « 

Pond weed (Fig. 1275), the parts of the germinating » t 

embryo are a radicular portion, r, an axis or cauli- 
culiis, cf, with a cotyledon, c, which is pushed upwards, 
and embraces the primary bud, p, 

956. In many perispennic monocotyledonous seeds 
the cotyledon is partly contained within the seed, and 
partly appeal’s externally. That portion wilhin the 
seed is called intra-seminal, and corresponds to the 
blade or lamina of the leaf; the narrow protruded 
portion, which varies much in length, represents the 
petiolary portion, which often ends in a sort of sheath 
embracing the axis. In Figure 1276, a represen- 
tation is given of the seed of the Indian Shot in 
different stages of germination. A portion, c, of the 
single cotyledon remains within the seed, w^hile an- 
other portion, a, protrudes, ending in a sheathing 
portion, 5, which surrounds an axis, f, whence spring 
the radicles, r r\ which pass through sheaths, co/, 
and a primary bud, 5, which rises to form the stem. 

In Figure 1277 is seen the double Coco-nut germi- 
nating, with its long cotyledonary process, c, and the 
axis, whence proceeds the root, r, and the first bud of 
the stem, a. In the Date (Fig. 1279), the seed, s, 
gives exit to a long cotyledonary petiole, 5, with its 
sheathing extremity ; roots, a, proceed from the 
lower part of the axis, and the bud, consisting of sheathing leaves, 
c d from the upper part. In the Coco-nut (Fig. 1278), the intra- 
seminal portion of the cotyledon, c, becomes a large cellular mass, 
which gradually absorbs all the perisperm. The extra-seminal portion 
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Iig. 1276 Geimiaation of the embryo of the Common Horned Pondweed (Zanntchelha paivstru) 
The radicular portion, r, le united to the ascending axis, a, at the column, or neck, n , the cotyledon, c, 
IS pushed upwards, enclosing the primary bud or gemmule, p The cotyledon m this case extends out 
of the seed The embryo is apenspcrmic or exalbuminous 
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protnided through the foramen and the hole in the endocarp is very 
short, and is connected witli the axis, from which arises the plumule 
or first hud, J, and the radicles, r. 

957. In Grasses, as shown in Figure 1280, the cotyledon, c, 
enlarges within the seed, and, on one side of the perisperm, roots, r, 
are protruded through sheaths, co, while the plumule, lises upwards. 
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consisting of sheathing leaves arranged alternately The sheathing 
cotyledon, c, with the radicle and the plumule, .are also lepresented in 

Tig 1276 The seed of the Indian Shot {Canna wdica) in diffpiunt stages of germination The 
embryo is seen surrounded by the pensperm or albumen p whuh is enclosed uitbin the Integuments 
of the seed, or the general spermoderm, t The micropylc is the point nhere the first part of the 
embryo protrudes, and the opening shows a Iid-like process, 7, which is raised in order to allow the 
passage of the germinating part 1 The seed in its early genniuating state, witli the radicular axis 
r, protrudmg, sheathed by the cotyledon 2 Tlie irobryo enlarged and the pensperm dimmishtd, 
the radicular portion, r*, more fully protruded, and the radicle, coming through a sheath or coleo 
rhiza, eol 3 The embryo still farther increased, and the pensperm, p, diminished, a narrow portion 
of the cotyledon, a, protruded, ending in a sheathing portion, «, winch embraces the axis, whence 
proceed the radicles, r r*, passing through coleorhuse, col , and tlie first bud of the ascending axis, 
plumule, aseendmg 

Iig 1277. Double Coco-nut {Todotcea Seychellarum) germinating llie embryo protrudes through 
the foramen of the seed, and througli a hole m the hard pericarp The long cotyledonary process, c 
ends m an axis, whence proceed the radicle, r, and the first bud of the stem, a 

Fig 1278 The Coco nut (Cocos nuctfera) g&rminatmg The intra-semmai portion of the cotyledon 
becomes a large cellular mass, c The protruded caulicular portion is short, and ends in the axis, 
whence proceed the first bud or plumule, 6, and the radicles, r 
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the Maize or Indian Com, in Pignre 1281. In the Quaking-grass 
(Fig. 1282) the cotyledon remains within the grain, c, and tlie axis 
elongates, hearing the leaves, f g hik ; while the first root, «, pro- 
ceeds from the lower part of the axis, and subsidiary or secondary 
roots are given off from the leaves of the first bud. In all cases of 
monocotyledonous germination, after the radicles have descended into 
the soil, the plumule or first bud of the axis is develoi>ed, and the 
leafy stem is gradually formed. The leaves are usually alternate, 
and are often sheathing. 

958. In dicotyledonous gennination the radicle is protruded 
through the foramen of the seed, and then the cotyledons are cither 



protnided, so as to appear above ground as epigeal leaves of a green 
colour, or they remain within the covering of the seed as fleshy hypo- 
geal lobes, containing much nutriment in their substance. The first 
kind of germination is seen in Figure 1283, where a French Bean is 
depicted producing its radicle, r, and its green epigeal cotyledons, c c, 

Fig. 1279. Germination of the seed of the Date-palm (Phoenix dactylifera) , The seed, s, containing 
a portion of the cotyledon inside (corresponding to the lamina of the leaf). The petiolary portion of 
the cotyledon, ending in a sheathing portion. The first root, a, and above it the other roots subse- 
quently formed, as the leaves, ede, are developed. 

Fig. 1280. Grain of the Oat (Avena) germinating. The embryo lies on one side of the grain. The 
radicular portion gives off rootlets, r, covered with cellular hairs, which pass through sheaths, eo. The 
single cotyledon, <?, remains within the grain, and the plumule or first bud of the stem, g, is developed. 

Fig. 1281. Grain of Maize or Indian Com (Zoa Mats) germinating. The roots proceed from the 
lower part of the axis, t ; the single cotyledon, r, embraces the young ascending axis, whence arises the 
plumule, g. 
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which enclose the first bud or plumule, g ; and the same thing is seen 
in Figure 1284, where the embryo of a Sycamore is seen with its 
radicular axis, r, giving origin to roots, its ascending axis, a, with the 
two cotyledons, c c, which are green, leafy, and epigeal, enclosing the 
first bud, h. The second kind of dicotyledonous embryo may be iUus- 
trated by the Beau and Pea (Fig. 1285), where the fleshy lobes, c c, 
which form the great bulk of the seed, are hypogeal, and are gradually 
absorbed during the growth of the plant. In the case of the Orange 
(Fig. 1286) the cotyledons, c, are hypogeal and fleshy, the radicle, r. 





passes downwards in a tapering manner, while the plumule, /?, pro- 
ceeds in an upward direction, bearing the leaves, 1 1, 

Fig. 1282. Germination of the grain of Quaking-grass {Briza media). The grain, <r, with its 
coverings and glumes, containing within it tlie single cotyledon ; b, the truncated radicular axis, 
whence proceed the roots and rootlets, a ; the elongating axis, <2, with the first sheathing leaf,/, the 
second, ^7, the third, A, the fourth, i, and the fifth, I ; other roots, r, proceeding from the bud with its 
leaves. 

Fjg. 1288. Dicotyledonous embryo of a French-bean or Haricot {Fhaseolua vulgaris) germinating, 
showing the radicular portion, r, giving off roots, the portion of the axis (cauliculus), a, between the roots 
and the two leafy epigeal cotyledons, c c, and the primary bud or plumule, giving origin to the 
primordial leaves. The roots do not pass through sheaths, and the embryo is called by Eichard 
cxorhizal. 

Fig. 1284. Dicotyledonous embryo of the Sycamore (Acer Psendo-Platanus) germinating. The 
radicular portion of the axis, r, whence the rootlets proceed ; n, the neck where the ascending and 
descending axis separate ; a, the axis with the two leafy epigeal cotyledons, c c, between wbicli is 
situated the primary bud, b, with the incipient primordial leaves 
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959. The dicotyledonous seed is sometimes exalbuminous or 
aperispermic, as in the Pea and Orange, in which the fleshy cotyledons 
have a store of nutriment laid up in them for the'growth of the embryo ; 
at other times the seed is albuminous or perispermic, as in Castor oil 
and in the Dock (Fig. 914, p. 303), and then the nutriment is sepa- 
rate from the embryo, and is gradually dissolved and absorbed during 
germination. Sometimes the two cotyledons become united, and when 
the embryo germinates they appear as one ; at other times divisions 
take place, so that the embryo becomes polycotyledonous, as in Firs 
(Fig. 1287). After the cotyledons have appeared they separate so as 
to allow the first bud, called plumule or gemmule, to be developed 


9 f 




Fig. 1287. 
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Fig. 1286. 



between them (Fig. 1284, 5). This bud forms the axis on which the 
leaves and flowers are produced. In proportion as the permanent 
leaves increase, the cotyledonary leaves (after acting as temporary 
organs of nutrition) wither and fall oflP, and if they are subterranean 

Fig. 1285. Embryo of the Poa (Pisum sativum). The cotyledons, c c, or seed-lobes, are fleshy, 
and remain below ground, in other words, are hypogeal. The radicle, r, protrudes through the mirro- 
pyle, and is the first portion of the embryo which appears during germination. The plumule, 
gemmule, or first bud, y, afterwards appears and rises upwards to form the ascending axis. The 
common axis, f, whence tlio radicle and plumule proceed, is united to the cotyledons by a short 
petiole,/, a small depression in one cotyledon, where the young bud, y, lay. 

Fig. 1286. Seed, s, of the Orange (Citrus Jurantium) germinating. The fleshy cotyledons, c, within 
the spermoderm, the tapering radicle, r, the plumule, p, with the leaves, 1 1. The seed is exalbumi- 
nous, and the embryo oxorbizal. 

Fig. 1287. Young embryo of a Fir germinating, showing the common axis, /, whence proceeds 
the radicle, r, and the divided leafy eplgcal cotyledons, r. The embryo is called olycotyledonous. 
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they ar^ gradually absorbed. The leaves which are produced in suc- 
cession sometimes differ in their form. Thus in Victoria regia the 
youngest leaf is linear and almost filiform, the next is hastate, the 
third sagittate, and the fourth is nearly ovate, with a deep incision at 
the base. The futme leaves gradually assume a more or less circular 
form, generally with a distinct line showing the place of the union of 
the lobes.* The rate at which the axis increases varies according to 
the amount of temperature and moisture which is supplied. 

7. DIREPTION OP CiROWTH TN ROOTS AND STEMS 

960. Much obscurity exists as to the cause of the direction taken 
by the opposite extremities of the germinating plant, that is to say, of 
the downward growth of the root, and of the upward growth of the 
terminal bud. Mohl remarks — “ ni'o no phenomenon have wc been 
rendered more indifferent, by liaving it daily before our eyes, than to 
the definite direction in wdiich every part of a plant lies in reference to 
a perj)endicnlar line ; and yet in the ciix'umstaiice that the stem grows 
upwaids, the root dow nwxii’ds, and the leaf with its upper suriac(‘ 
turned tow'ards the sky, we l>chold a series of the most w^onderfiil phe- 
nomena, the causal relations of which are unfortunately but too little 
understood.” 

961. Dnhamel, Dodart, and others*!- attempted to explain tht‘ 
directions of the stem and root, by th(‘ influence of the darkness and 
the moisttire of the soil on the latter, and the light and dryness of the 
air on the former. But this explanation lias been shown to be un- 
satisfactory. Pbr in all circnni stances, whatever be the position of the 
seed and the media surrounding it, whetlier the seed germinates in 
eai-th, in water, or in air, in darkness or in light, still the radicle and 
plumule assume their normal direction. Johnson made a Prcnch 
Bean germinate in a tube filled in the upper part wdtli wet eartli, and 
in the lower with dry, and yet the radicle did not change its direction. 
When seeds are made to germinate on the suifiice of winter, having a 
transparent tube below and an opacpic one above, llie radicles pass 
downwards to the transparent part, and the plumule upwards to the 
dark. When a seed is })laced in wet earth or moss, and suspended in 
basket-work in the air, the root will proceed downwards into the air, 
showing that darkness and moisture will not account for its direction. 
Roots springing from aerial branches, as in the Screw Bine and Ban- 
yan, descend downwards in the air in the first instance, and many 
months elapse before they roach the soil. 

962. It is curious, however, to remark in certain instances curva- 
tures taking place in aerial roots, so that they come into contact with 
a supply of nourishment. Thus in a plant of Pandanus graminifolins, 
in tbe Botanic Garden of Edinburgh, in which roots spring from 

* Hooker, Victoria regia, Lond. 1861. 

+ Duhatnel, Piiysiquc dcs Arbrea. Meese, sar I’lnflaence de la Lumi^re Bur les Plantes, m 
Joum de Physique, vii 112. 
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branches at points six inches or more beyond the circumference of the 
tub in which the plant grows, there is a distinct inclination and curva- 
tion of the aerial roots, so as to reach the earth in the tub. Durand* 
says there is no evidence of roots seeking good soil and directing their 
growth in such a way as to reach the part whence most nourishment 
is to be derived. There is no doubt, however, that when roots do 
come into contact with moist soil containing much nutriment they 
grow very rapidly in that direction. 

963. Knight attributes the direction of the stem and roots to gravi- 
tation, and the peculiar state of the contents of the tissucs.f When the 
stem of a plant has a horizontal position, there is, he thinks, a gravita- 
tion of fluids towards the lower side, and as increased nourishment is 
thus given to that side, and as the stem enlarges throughout its sub- 
stance, the cells swell and cause the end of the stem to point upwards. 
In the case of the root, the increase tiikes place at the extremity, and 
to this the fluids gravitate, so as to cause the point to descend. Knight 
performed the following experiments : — He caused Beans to germinate 
on the circumference of a horizontal wheel rotating rapidly, and he 
found that the radicles turned towards the peiiphciy, while the plumules 
inclined towards the centre. When tlie wheel perfonued two hundred 
and fifty revolutions in a minute, the radicles pointed downwards about 
ten degrees below, and the plumules as many degrees above, the hori- 
zontal line of tlie wlioel’s motion — centrifugal force having made both 
to deviate 80*^ from the perpendicular direction each wouhl have taken 
had it vegetated at rest. Seeds were also made to germinate on the 
circumference of a wheel to which a rapid vertical rotatory motion 
was given. The radicles, in this case, turned their points outwards 
from the circumference of the wheel, while the plumules took the 
opposite direction. 

964. Knight supposed that there w^as a more or less liquid condi- 
tion of the parts of the young plant, a diflcrence in density of the 
parts, and a tendency in the denser parts towards the root. The l)eans 
on the vertical wheel were under tlie influence of the centrifugal force 
only, and tlicir denser parts or roots pointed outwards from the circum- 
ference ; while, on tlie horizontal Avheel, the effect was intermediate 
between the centrifugal force and gravity. Dutrochet performed a 
similar expeiiment in regard to leaves, and he found that they were 
influenced by gravity, and turned their lower surfaces towards the 
periphery of the wheel. J 

965. Dutrochet refers the phenomena to tlie different organization 
of the stem and root, and he traces the ciirvation of the stem upward, 
and of the root downward, to endosmose in the cells of these organs. 
He found that a plate cut longitudinally in the direction of a radius, 
from a herbaceous stem, and placed in water, curved so as to render 


* Durand, sur la tendanco des racincs il clierchor de bonne terro, <fcc. in Cornptos Hindus, xxi. 987. 
1 Knight, on the Direction of the Radicle and Plumule during the Vegetation of Seeds.-- Plulos 
Tinns. 180(> p. 99, and Hort. Papers, p. 124. % Dutrochet, M^moires, ii. 64. 
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the outer part concave ; while a similar plate, cut out of a young root, 
curved in the opposite way. These curvations he attributes to differ- 
ences in the size of the cells. In the case of the young stem, the cells 
decrease in size, from the pith to the bark, while in the root the corti- 
cal cells are larger. These tendencies to curve exist in stems and 
roots, in consequence of the cells being full of fluids, and so long as the 
perpendicular position is maintained, the force of curvature in the 
different parts is kept in equilibrium. But when a stem or root is 
placed in an inclined position, the concentrated sap, by the force of 
gravity, flows to the lower side, and limits or weakens the endosmose 
exercised by the cells on that side, and thus they cease to counteract 
the tendency to incurvation on the upper side, which will be directed 
either upwards or downwards according to the situation of the different 
kinds of cells. When it takes place in a branch or stem in which 
there are large central cells, the curvation will be upwards, when in a 
root where the large cells are external, the curvation will be down- 
wards. Thus Dutrochet refers all the movements in these organs to 
the soft parenchymatous cells, and the curvatures to the distention of 
cells on the side of the organ which becomes convex.* 

966. Mohl says that both stem and root can only I’etain the per- 
pendicular direction which they assume through the influence of gravity, 
when they are wholly removed from light, or light is freely admitted 
to all sides of them. If the light is admitted only to one side, then 
the axis becomes more or less inclined from its proper position. If 
light is admitted through a small aperture to a germinating plant, its 
stem curves tow^ards the light. De Candolle’s explanation that the 
curvation in plants exposed to light on one side, depended on the 
elongation of the cells on the dark side, and on the formation of car- 
bon on the light side, so as to render it rigid, has not been confirmed 
by the observations of Dutrochet-j* and Gardner. Payer found that com- 
mon Cress reared on moistened cotton in a room lighted by a single 
window, or in a box with a single aperture, instead of rising perpendi- 
cularly, as if it were growing in the open air or in complete darkness, 
inclined towards the light, at the same time preserving its straightness 
throughout, and forming an angle with the ceiling. On the contrary, 
when a growing plant which had been raised either in darkness or in 
the open air, and had taken a vertical direction, was placed in either 
of the above conditions, the young stem first became bent, and then 
inclined towards the light, in two distinct and successive phenomena; 
first, the lower part of the stem still retained its vertical position, 
while the upper part was more or less horizontal ; second, the upper 
portion being a little straightened, and the lower a little inclined, 
the whole of the stem became straightened, and finally pointed in the 
direction of the light. Although a plant thus inclined itself to the 
side whence light proceeded, it did not seem to be necessary that the 

* For remark! on thia obacure lubjecfc) see Mohl on tbe Vegetable Cell, translated by Ilenfrey, p. 14S. 
t Dutrochet, lur la tendance des Racines k fuir la Lumifere, in Ann. des Sc. Nat, 8d ser. Bot. ii. 96. 
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iX)iut of curvature should receive any portion of the rays of light. 
This bend did not remain in the young stem after the cause which 
produced it had been removed. The intensity of the curve differed in 
different circumstances. If, instead of a case with one aperture, young 
plants were placed in a box with two openings, and thus received light 
in two directions, peculiar phenomena occurred. If there were two 
apertures on one side of a box, so that the rays of light in passing 
through them formed an angle more or less acute with each other, and 
the light was of equal intensity, then the stem moved in the direc> 
tion of the resultant or of the bisector of the angle. If the power ol 
the two lights was unequal, either from a difference in the size of the 
apertures, or from shading, the stem curved towards the stronger 
light. If again the two apertures, in place of being on the same side 
of the box, were on opposite sides, and the hitensily of tlie rays equal, 
the plant neither leaned to the one nor to the oilier.* 

967. Macairef found that while light caused the stems of plants 
to bend towards it, there was no attraction exerted by which the plant 
could be moved from its position. This he showed by the growth of 
Duck-weed, and of Peas, Beans, and Mustard seeds, placed on little 
Boats of cork in water, to whicli liglit was admitted only on one side. 
There was no change of position in the Duck- weed, and no movement 
of the floats, although the stems bent towards the light. Macaire 
also states that the position of leaves is influenced by light. When 
ho lighted a leaf from below, and threw a shade over the upper surface, 
it turned round. He reversed twigs, and found that a twisting of the 
leaves took place — the turning being quicker in cases where the twc) 
surfaces were of very ditflu’ent colours, one being a deep gr(‘en, and 
ihe other pale. The leaves of the Kaspberry twisted round in less 
than t\NO hours. The twisting takes place sometimes in the blade, and 
at v)ther times in the stalk. Leaves of Lilac and Polemonium ca'rii- 
leum twisted back by a spiral curling of the limb ; leaves of the Bean, 
Kaspberry, Chestnut, Maple, Geranium, and Judas-tree, by the pe- 
tiole. Leaves reversed under water, and with their petiole fastened 
in a hole, turned over by the blade. A leaf deprived of its petiole, 
and laid on the surface of water, with its lower surface towards the 
sun, rolled itself together like a ball, so as to expose its natural iq^per 
surface to the light, and hide the other. In a leaf placed under 
w^ater on a float, the reversal occurred without any movement in 
the float. 

968. Dutrochet, Payer, and Durand say that roots in general have 
a tendency to avoid the light. They showed this by experiments on 
Pothos digitata, and on various Cruciferous plants, such as Cabbage, 
Mustard, Kadish, Stock, C^olza, <fee. Some roots, however, are said. 


* Payer, M6ra. sur la tendance dcs tigea vers la LumiJ-rc Journ. de Phann. ct de Chim 8d ser 
III 136. See also his paper siir la tendance des Karines fmr la Lumifre, in Comptes Rendus, xvn. 
1043 

+ Macaire, sur la direction prise par les Pl.mtes in Bibhotliequr Uiiiieiselle dc Genfeve xii 331 
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when grown in transparent glasses, to turn towards the light, such as 
the roots of Mirahilis Jalapa and Allium Cepa. But the correctness 
of the conclusions in these cases has been doubted by Macaire.* 
The Mistleto (Fig. 125, p. 53) seems to giw indiflferently in all 
directions at the period of germination. I’he radicle always curves in 
such a way as to make its extremity touch the bark. Dutrochet 
says that the radicles of the Mistleto direct themselves toward the 
side which is most dark, and which in their ordinary vegetation 
is the trunk of the tree. He made the seeds germinate on the 
glass of a window of a room, some on the outside and others on the 
inside, and found that the latter directed their radicles inwards from 
the window, while those on the outside directed their radicles towards 
the glass of the window^, as if to pass into the room or the darker 
part. The Mistleto, then, obeys the attraction of the branch on which 
it is parasitic, just as ordinary plants obey the attraction of the earth. 
Its roots descend tow^ards the centre, while its steins grow perpendi- 
cular to the surface of the branch. 

969. Observations have been made in regard to tlie efiects of 
coloured rays on the direction of stems, leaves, and roots. The effects 
of the rays of the spectrum in causing flexion of plants were first 
noticed by Dr. Poggioli of Bologna. Gardner of New York says that 
all erect plants grown in darkness, when exposed to the influence of the 
solar spectrum, incline themselves towards the prism, and tliat this 
effect is produced by every variety of light, but in an especial manner 
by the indigo ray.^ The force which constrains the movements of 
plants towards the light, according to him, has its maximum in the 
indigo ray. The bending towards that ray takes place often in 
a few hours, and sometimes exceeds 90®. The amount of light re- 
quired for deflection is very small. He docs not think that the che- 
mical or heat-giving rays are the cause of the bending, but he 
attributes it to a modification of light. Dr. Gardner suggests that, as 
indigo light has a peculiar effect in governing the direction of the 
stems of plants (an action accomplished by light which is very feeble 
as compared with that of the yellow' rays), the colour of the sky may 
regulate the upright growth of plants. As the blue rays do not cause 
in a marked degree the decomposition of carbonic acid, it is thought 
that Gardner’s experiments contradict the views of De Candolle as to 
the bending of stems. Wlien plants are exposed to the coloured rays 
of the spectrum, there is thus a flexion towards the light, and also a 
special movement towards the space illuminated by the indigo ray. 
Payer’s observations corroborate those of Gardner as to effect of the 

* Payer, eur la tendance des Bacmes it fair la Lumiltre, in Comptei Beudus, xvii. 1048. Durand 
Hur la tendance qui ont lea Bacinea it fair ou it clierchcr la Lumi&re, in Comptea Bendua, xxi. 1828. 
Brongniart et Dutrochet, Bapport sur la Mdm. de Dumud aur la fuitc de la Lumi6re par lea Kacines, 
m Ann. dea Sc. Nat. 8d aer. Bot. v. 66. Mucaire, on the Directions aasumed by Plants, in Phil. Trans. 
3848, p. 253. 

+ Gardner, on the Action of Indigo Light in producing the Movements of Plants, in Lond. and 
£din. Phil Mag xxiv. 6. 
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blue rays on the curvature of stems, and Dutrochet found that the 
red rays had also a slight effect.* Macaire made experiments as to 
the effect of different coloured rays in causing leaves which were re- 
versed to turn into their proper position. While blue and violet rays 
(transmitted through glass of these colours) caused the reversal of th(‘ 
leaves, red rays had no effect. While in stems there is a flexion 
towards light, and especially towards the indigo ray, in roots, accord- 
ing to Dutrochet, there is a tendency to avoid the light, and a flexion 
to avoid the space illuminated by that ray. The movements of the 
roots are thus, generally speaking, the reverse of those of the stem. 

970. The stems of plants undergo sometimes remarkable torsions 
on themselves, so as to give the axis a spiral form. Besides this, 
some plants have volubile stems, which twine in a spiral manner round 
supports. Others have spiral tendrils which twine in a similar man- 
ner. The summits of such stems, when separated from supports, 
exhibit also a revolutive motion. We have already seen that, as 
regards tlie tissues of plants, and the disposition of the leaves and of 
the parts of the flowers, there is a more or less complete spiral arrange- 
ment (p. 97). Dutrochet has paid particular attention to the torsions 
and twinings of steins, but lie has not been able to give satisfactory 
explanations of thcm.f The volutions or twinings proceed in different 
directions in different plants. The following details are given by 
Dutrochet from observations made at temperatures varying from 
62.6^^ to 66.2" F. The revolutions of the stems arc, considered as 
respects an observer, supposed to be in the centrcj or axis round whicli 
the plant twines : — 


NAME OF SPECIES. 


Convolvulus arvensis . . 

Convolvulus sepium . • • i 

Phasoolus vulgaris . . . . ' 

Cuscuta curopBca ... .1 

Humulus Lupulus .... I 
Polygonum dumetorum ... I 
Lonicora Periclymenum , . I 

Tamus communis 


Direction of 

Time icquired for a 

the Volution. 

complete Volution j 

1 

Right to left. 

1 

9 to lOJ hours, i 

Do. 

15 to 18J — ■ j 

Do. 

5Jto 8| — 

Do. 

l|to 2 — 

Left to right. 

20 to 23 — 1 

Do. 

1 3ito n — 

Do. 

3ito 5J - 

Do. 

, H - 


In the case of Solanum Dulcamara, the stem twists in two directions ; 

* Dutrochet, do I’lnflexion des TigeB Vdg^talcs vers la Lunii6re colordo, in Ann. dca Sc. Nat. 2d 
Ber. Bot. XX 329. 

t Dutrochet, deB Mouvements revolutifs Bpontan^<) qui B’ohservcnt chez les Vdgdtaux, m Ann. dcs 
Sc. Not. 2d Bcr. Bot. xx. 306; Bur la volubilitd des TigeB des rertnines V6g6taux, m ibid. 8d aer. Bol 
n. 156. See also Braun, Bur lea torsions iiormnlcB dans lea Plantes, lu Ann. des Sc. Nat. 2d Bcr. Bot. 
xii. 880. JoliuBon, on Divergence ub the cause of motions in PlantB, in Lond. and Edin. Phil. Mng 
VI. 165, and vii. Knight, on the Motion of the Tendrils of Plants, in Phil. Trans, for 1812, p. 314 
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the revolution from right to left was accomplished in hours, that 
fmtn left to right in 8j. In the tendrils of plants similar movements 



I’la. 125W). i2tJ8. 


are observed (Figs. 1290 and 1291). Jn those of the (hjcnniber 

Fi}r. 1288. Twining or volubilc stem of tlie Hedge Bjudweed ((’onvohufus or Calystegia septum). 
The volutions arc fiom right to left, os regards n person supposed to be in the axis of the plant. 

Fig. 1289. Twining or volubile stem of the Hop (Humulus Lupulwt). llie volutions are fiom left 
to right, as regards a person supposed to be m the axis of the plant. The free summit of the atem 
lias a revoluth c movement. 

Fig 1290. Melon ( Cucumis Meh), with its curving tendril, t, which is a modification of a stipule. 

Fig. 1291. Part of the stem of the Vine {Vitis vinifera), with its spiral tendril, /, which is a modi- 
lied branch. 
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(Cucumis sativus) and Bryony (Bryonia alba), the movements of 
revolution take place in two opposite directions, not only in different 
tendrils, but also in the same tendril— one portion turning from right 
to left, and another from left to right. Plants turning from right to 
left (sinistrorsum) are marked ). They occur among the Dicotyle- 
donous orders Menispermaceae, Leguminosae, OonvolviilacesB, Acan- 
thacece, Passifloracew, Apocynace«e, Cucurbitaceae, Malpighiacem, and 
Euphorbiacefie. Those turning from left to right (dextrorsum) are 
marked (. They occur among the Dicotyledonous and Monocotyle- 
donous orders Violacea*, Caprifoliaceae, Chenopodiaceai, Polygonacea), 
Urticaceae, Kubiaccai, Dioscoreaceee, Smilaceac; as well as in Ferns 
among the Acotyledons. 

971. Dutrochet distinguishes between the twining of a stem round 
a support, the revolutivo movement of its free summit, and the torsion 
of a stem on its axis. He states also that the revolutive movement 
at the summit follows the direction of the twining of the stem, and 
is also in the same direction as the torsion of the stem itself. The 
direction of the spiral described by the leaves is the same as that of 
the revolutive movement of the summit of the twigs. The cause of 
these movements is very obscure. They are attributed to actions 
going on in the cells, which, by their distension or contraction, give 
rise to changes in the direction of the parts, in the same way as has 
been noticed in the case of sensitive leaves. 

972. On reviewing all that has been stated on the subject of the 
direction taken by stems, leaves, and roots, we are disposed to think 
that the explanations are very unsatisfactory. While the facts are 
obvious, the cause is obscure. The experiments instituted do not suffice 
to prove that gravitation is the cause of the root penetrating the earth, 
for the portion of the plant which grows u}) wards is frequently the 
heaviest, and yet at the same time rises in a lighter medium. More- 
over, the points of the roots liave been found to penetrate to a certain 
extent into such a dense fluid as mercury.* Again, the mode of ger- 
mination of the Mistleto and other parasites upon the stems of trees 
shows that the direction is governed by some more special influence 
than that of gravity. Henfrey remarks that “ so far as we are in a 
position to tell, there is some definite, and as yet unknown, cause 
which makes the radicle first grow towards the earth or other source 
of nourishment, which it penetrates by elongation, a resisting point 
being offered by the weight of the seed or the earth covering it ; and 
then, in its further growth downward, it requires a point of resistance 
to be afforded by the adhesion of the earth around the collar, ring, or 
neck of the root, since the elongation takes place in the structures just 
above the point of the root, thus exerting a pressure upwards and 
downwards, which if the upper part of the root bo kept free, and the 
weight of the plant balanced, will cause the whole to rise bodily up- 

* Payer, iur la tendanre des Kariues il b’enfoncer dans la terre, &c.— Comptca Eendus, xx 1267. 
Uiirand, sur un fait singulier do la Phjsiologu; des Kacincs, in Comptes Reudus, xx. 1257 
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waa*ds. Thus when seeds germinate in damp moss lying upon a hard 
surface^ the elongation of the root will push the stem up through the 
moss, unless the root brandies so as to get fixed down by entangle- 
ment among the loose matters. We may admit, therefore, that we are 
at present totally ignorant of the cause of the dii’ection taken by roots 
— all the notions hitlierto advanced having been purely speculative.’'* 
973. Recapitulation of the chief facts connected with the physio- 
logy of tlie seed : — 

1 . After impregnation, the ovule enlarges, its foramen closes, and various azotized, un - 

azotizcd, and inorganic matter are deposited in it. 

2. The nutrient matter is either stored up iu the embryo, more especially in its cotyle- 

dons, or it is laid up in the form of a separate perisperm or albumen surrounding 
the embryo. 

Jl. The density of the perisperm is connected with the length of time required for ger- 
mination. 

4. When the seed is ripe it either falls to the ground along with the pericarp, or it is 
discharged from the seed-vessel in various ways, 
o. In many succulent and monospcrmal pericarps there is no separation between the 
coverings of the seed-vessel and the seed until germination begins. 

C. Some single-seeded pericarps have winged or hairj” appendages, iu order that they 
may bt* dispersed by the wind. 

7. Many polyspcrmal seed-vessels open with elasticity, or by the agency of moisture, 

in order to scatter the seed. 

8. In some instances fruits are hypocarjiogean, in other words, ripen their seeds undtr 

ground. 

9. Seeds are dispersed by the elasticity of their pericarps, or by tlie agency of winds, 

water, or animals. 

10. Some seeds have winged or liair> appeiid.iges, so as to he wafted to a distance. 

J 1 . 'Hie propagation of the species is insured by the production of a large number of 
seeds. 

12. (termination is the sprouting of the emhr><> plant when placed in circumsUinccs 

favourable for its growth. 

13. The requisites for germination are moisture, heat, and air. Darkness is also favour- 

able to the process. 

11. Moisture is required for the solution of nutritive matter, and for exciting the endos- 

motic action of the cells. It also causes the seed to swell, and enables it to burst 
its coverings. 

16. A certain amount of heat is necessaiy for germination, varying in general from 6bo 

to 80® F. Much depends on the climate in wliich the plant naturally grows. 
Some seeds bear a very high temperature, others a very low one. 

I(). Air, or rather oxygen, is required for germination. When sec^ds are buried deep and 
excluded from air, they do not germinate. 

17. Seeds will not germinate in hydrogen, nitrogen, nor carbonic acid gas. 

JK. Germination takes place best in the shade, and the blue rays of light seem to act 
most beneficially in promoting the process. 

19. Electricity has by some been considered favourable to germination. But the expe- 

riments in regard to electro-culture have not been successful. 

20. In order that cultivated seeds may gemihiate well, they must be sown at equal depths 

in well pulverized and well drained ground. 

21. Undrained land is cold, and d(»eH not ‘iuj)ply the air and heat required for ordinary 

germination. 


^ lluifrey on Germination, in Gaidencr’b Mug of Botany for 1861, p. 122, 
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22. The effectri of draiuiug are both mecliaiiical aud chemical. Itgiveb rise to improved 

efficiency in ploughing and harrowing ; it aids the effects of manures, it raises 
the temperature of the soil, ameliorates the climate, and accelerates harvest. 

23. Drains should extend below the depth to which the roots of the ordinary cultivated 

plants penetrate, and their distance from each other may vary from 15 to 18 feet. 

24. Drains must he kept pervious and protected against the entrance of roots. 

25. The depth at which seeds ought to be sown is from half an inch to an inch. Shalh)w 

sowing enables the seeds to germinate rapidly and surely. 

26. Some seeds require to be sown immediately after ripening, otherwise the embryo 

loses its germinating power. 

27. Some seeds can be kept for a long time, and still retain their vitalitj’’. 

28. Seeds buried in the soil often remain in a state fit for germination, and sprout when 

the earth is turned up, and when they are exposed to the influence of air, heat, 
and moisture. 

29. Instances arc given of the vitality of seeds being preserved for centuries in such cir- 

cumstances. 

30. The conditions in which seeds are preserved are not easily imitated. 

31. It has not been proved tliat any true Mummy Wheat has germinated. 

32. In transporting seeds it is requisite that they should be ripe and dry, and that they 

should be preserved in a dry and airy place. 

.‘J3. Exalbuminous seeds, and those having a homy and dense albumen, seem to bear 
transportation best. Oily seeds must be excluded from tlie air. 

•34. Seeds can be transported successful!} when placed in earth in alternate layers ; the 
earth being pressed down. 

35. The seeds of Leguminous and Malvaeeous plants liave been known to retain vitality 
long in ordinary circum'dances. 

30 The spores of Cryptogamic plants appear to retain their germinating power for a long 
period. 

37. (’’hlorate of potass, oxalic acid, and cldorine have been used to acceh'rate the germi- 
nation of old seeds. 

38 Th(‘ length of time required for germination varies from a few days or even hours 

to many weeks or months, according to the nature of the seed and the degree of 
temperature applied. 

39 During germination the all)uminous matter of the seed is dissolved, a ferment called 

difistjise is produced, starch and dextrin are converted into grape sugar, some 
acetic acid is formed, oxygen is absorbed, heat is developed, and carbonic acid is 
evolved. 

19 An acotylcdonous spore during its germination, sends out cellular rootlike pro- 
cesses, and produces a thallua or frond, on which the organs of fructification arc 
developed. 

41 In the higher cr}q)togamic plants, as Mosses and Ferns, the spore produces at first 

a cellular prothallus which sends olf rootlets, boars the organs of reproduction, and 
tinally gives origin to the leafy sporangiferous frond. 

42 A monocotyledonous embryo in germinating, emits from its radicular extremity 

rootlets which pass through sheaths or coleorhiza', and bends out its plumule or 
gemmule enveloped in the single cotyledon, \\hich splits at one side to allow the 
ascending axis to push forth. 

43 Sometimes the laminar portion of the cotyledon remains in the inttTior of the seed, 

while a cotyledonary petiole is sent out, which ends in a sheath enveloping the 
young axis. 

44. The intra-seminal portion of the cotyledon vari< b in si/e and form, and the extra- 
seminal part ib sometimes much elongated. 

15, A dicotyledonous emhry(>, in germinating, protrinles its radicle through the micio- 
pyle, while the two cotyledons either appear above ground as seminal leave.s, or 
remain below ground as seminal lobes; the plumule or gemmule arises from 
botwe(‘n the cotyledon.s, and con8titiite.s the first hud of the ascending axis. 
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a downwaitl growth, while the plumulo 

nWM VpwlPBiU 

41. tlie eiMe of tlio directkme taken hy these parts is not satisfactorily explained. 
Kaigltt attempted to explain their direction by the law of gravitation in connec- 
liofi with the dtiid matter contained in the oells of the embryo. Dutrochet en> 
deavonred to account for the pbenom^s by the difference in tlte size of the 
peripherical and central cells, and the different cnrvatnres thus caused. 

48. light has a powerful influence on the stem. When admitted on one aide it causes 
the stem to bend towards it. Light causes the leaves, when reversed, to return to 

their normal position ^ ^ i • 

49. Roots appear to have a tendency to avoid the light. The root of the Mistleto dunng 

eermination is directed towards some dark body, ns tlie bark of a tree. 

50. ThfblM rays of the epcctrum appear to bare the greatest effect in causmg the bend- 

ing of the Stem, and the turning of leaves. 

51 . The torsions of certain stems npon tbemselves, their volutions round other ^ 

therevolutive movements of their free summits, are influentod 
are unknown By some these phenomena are ottnbuted to the influence > 

and to clianges in tiie interior of certain colls, which thus cause J'*®" 

is a spiral tendency in all stem-growth, as shown by the spiral arrangemen 


the leaves and other organs 
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974. Besides the propagation by means of seeds containing an 
embryo, or by cellular spores, plants are also ca])able of extension by 
division. In unicellular plants, and others of the lowest class, it is 
common to find each cell possessing the power of 2 >^oducing a new in 
dividual, either by simple division or by the formation of a cellular 
hud. In liigher plants this mode of propagation is carried out by 
means of an assemblage of cells, which arc developed into an organ or 
bud of a more complicated nature, befon* it is detached. Multiplica- 
tion by division of colls is very common among the lowest Alga?, such 
as Pesinidiaccfc ami Diatomaeca^ 1292). In the case of Lichens 




(Fig. 1293) the th alius jjrod vices gonidiu, which ajvpear to be a col 
lection of cellular buds capable of jiroducing independent individuals. 
On the thallus of Liverworts (Marchantia) cup-like bodies (Fig. 1294, 
g) arc produced containing gemma\* In Mosses the power of repro- 
duction by gemma' is very marked. Almost every cell of the siiiiacc 
of Mosses, according to Schimper,*!- is capable of giving origin to a 

I'lg 1.02 One of Uk Diatomaceee {Diatoma nutnrMtn), a cellular Alga, uhicli is propagated b; 
division of cells, as shoM n m the Figure The separate portions are called Imstulcs, and when de- 
tached tliey form new individuals 

Fig. 1293 \ortical sertion of the thallus and fiuctification (Apothecium) of a Lichen. The tliallus 
( untains green active cells, called gonidia, g, which seem to be buds capable of propagating the plant 
J'Uc apothecium, <7, contains sporc-cases, and spores which also reproduce the plant. The lattui 
HIP produced by the agency ot the sexes, while the gonidia are formed independently of impreg- 
nation 


• Miibrl, Rrclicichea sui Ic Marchantia polymorpha 
I Vlumpcr, TVrrhpiihes Anatom rt Morphol sm Ira 
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Wafy plant or innovation. Tlie development of buds on the protliallus 
is also shown in Figure 1225, p. 573. 

97 5. The higher classes of plants may be considered as consisting 
of numerous buds united on a common axis. Tliese possess a certain 
amount of independent vitality, and they may be separated from the 
parent stem in such a way as to give origin to new individuals. In 
some instances buds are produced which are dehiched spontaneously at 
a certain period of a plant’s litc. The bulbils or bulblets of Lilium 
bulbiferum (Fig. 1295), Ijilium tigrinum, Ixia bulbifera, and Dentaria 
biilbifera, are of this nature. The cloves formed in the axils of tlie 
scales of bulbs (Fig. 1172, ]). 530), are gemma* or buds which can 



be detached so as to form new plants. Such is also the case with 
eorms, as in Colchicuni (Fig. 159, p. 67). In these instances the buds 
are developed in the usual way hi the axils of leaves or scales, that is to 
say, at the points wliere they join the stem. Home leaves naturally pro- 
duce buds on their surface, as may he observed in Malaxis, Aspidium 
bulbiferum, an^ Nympha'a micrantha. Other leaves, \s hen placed in 
particular circumstances, give rise to leaf-buds at their margin. Thus 

I’lff. 1294. A species of Liverwort (Marckantia polf/morpha\ witli its green thallus, /, bearing a 
cup-like bodx, in which minute cells or free buds are seen. Besides these gemma? thcie is also a 
stalked receptacle, s r, bearing organs of reproduction 

lig. 1296. Stem of a bulbiferons Lily (Lihum bttlbifmtm), bearing bulbils or bulblets, i, in the axils 
of the leaves. These bulbils arc casily-detached buds, uhicli can propagate the plant. 

Fig. 1296. Biid-heanng leaf of Bryophyllum ralycinuni Tlie buds me produced all around llic 
iiuigni, at the extremities of the primary xeiiis 
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the leaves of Bryophyllum calyciwuni, when placed on the surface of 
damp soil, exhibit little shoots all around their edge (Pig. 1296). The 
leaves of Dioneea muscipula (Fig. 237, p. 107), can also be made to 
produce buds, and so can those of species of Gesnera, Gloxinia, and 
Achimenes. Occasionally leaves take root and form plants, as was ob- 
served by Knight in Mentha Piperita.* Buds are formed accidentally 
on tlie leaves of Drosera, Portiilaca, Cardamine pratensis, and Nepeta 
Glechoma. They are also formed on fleshy detached leaves, as on 
those of different species of Orassula and Aloe, on the biilb-scales of 
Eucomis regia, Lilium candidum, Hyacinth, and Squill, and on the 
leaves of Omithogalum thyrsoides. The leathery leaves of Ficuh 
elastica, Hoya carnosa, and of species of Citrus, Aucuba, and Theo- 
phrasta, are occasionally bud-bearing.f 

976. Ill some instances plants, in place of producing seeds, bear 
peculiar bud-like bodies on their floral axis. This occurs in what are 
called viviparous or proliferous plants, such as Festuca ovina var, 
vivipara, Aira alpina, A. caospitosa var. vivipara, Poa alpina, Cjmo- 
surus cristatus. Polygonum viviprum, and in some species of Allium. 

Ill these viviparous ])lants (which are often alpine) alterations lake 
place in different parts of the flower by which young jilants are pro- 
duced. In Poa aliiina, Dickie}: noticed that the pale« are the parts 
which chiefly deviate from the usual condition ; they acquire an in- 
crease of development, peiform all the functions of leaves, and possess 
the property of striking root when brought into contact willi the soil 
In Polygonum viviparum the perfect flow ers are chiefly at the apex of 
the nichis, and the bud-like bodies are below, and consist of a central 
cellular amylaceous mass covered by scales. In Baxifraga cernua the 
genmne are somewhat similar. When detached from the parent they 
send out cellular roots, and the cimtral part gives origin to the new 
plant. Baxifraga foliolosa, an arctic plant, has no perfect flowers but 
IS reproduced by leafy buds. ^ 


977. besides this natural mode of propagation by gemma), new 
plants are also produced by divisions of the stem and branches. Many 
ot the lower clash of plants iuerease by a constant division of their 
a,xis or filaments. In the higher plants similar modes of propaga- 
tion occur. Thus the Potato is naturally reproduced by means of 
inters which are shortonod under-ground branohes, and sections of 
Inters containmg buds (eyes) proilnce separate plants. When some 
urn er-ground stems are cut to pieces every fragment is capable of 
^ving origm to buds and new plants. This may be seen in many 
tanccB gro^g in sand, in creeping grasses, and in the Horee-radish. 
Hence the difficulty of eradicating these plants. When the stem of a 
we is cut off we frequently perceive an abundant i)roduction of leaf- 
buds on the trunk which remains in the soil. Pollard-trees become 
very bushy by the production of numerous branches. Pollardin- 


’ ^ V?’ I’O'- 1845. p 557 

t U>fku,yof(9 on ViMpnrous plants, m Ami of Nat Tlist Utser i an? 
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may be practised with most dicotyledonous trees, but it does not suc- 
ceed in Coniferas, 

978. By means of slips or cuttings of the stem, gardeners propa- 
gate plants, more especially in^porUuit varieties. These slips may be 
at once put into the soil, as in the case of Willows and Cactuses, and 
be made, to put forth roots, or to strike, as it is called. By cuttings 
gardeners propagate Gooseberries, Currants, Figs, Vines, and some 
other plants. In deciduous trees the operation is best performed in 
winter. Sometimes gardeners employ layering, by bending down a 
branch into the earth, keeping it there with pegs, allowing it to form 
roots, and then cutting it off from the parent stem. In order to 
cause layers to form roots, they sometimes make a slit or notch on 
the shoot, or put a ligature round it, or ring the bark. In striking 
cuttings of plants, it is of great importance to attend to heat, light, 
and moisture, and to supply them in proper proportion. In causing 
cuttings to strike, we require a somewhat higher temperature than that 
of the climate in wliich they naturally grow. A Willow- cutting stuck 
in the open ground will strike root, but it does so much faster and 
more vigorously if placed in a hot-bed. A White-thorn cutting in 
the open ground will not root at all ; in a warm propagating house it 
will do so readily. It is not the temperature of the atmosphere, but 
the temperature of the soil that requires to be raised. We must first 
obtain roots and then leaves will follow. The cellular tissue of roots 
is first produced by a local process, and the production of tliis tissue is 
kept up by the heat of the soil. Hence the necessity for bottom heat, 
in order to secure good roots in the first instance ; and without them 
there will be no vigorous leaf-buds. Cuttings of different plants may, 
by being covered with wax, or by being placed in damp clay or moss, 
be transported to a distance. In this way slips of various fruit-trees, 
as well as of lierbaceous plants, as Begonias, have been sent to a great 
distance.* 

979. Another mode of propagating plants is by grafting, or by 
taking a part of one plant and making it grow upon another plant. 
T^his process sometimes takes place naturally. The branches of trees, 
when they come into contact, especially when there is an abrasion of 
the bark, imite. A curious instance of this is seen at the old burying- 
})lace of the M^Nabs at Killin. Old stems of the Ivy frequently show 
this natural grafting.f The roots of the Spnice Fir on the Alps 

* In noticing the modes of sending slips to India, Fulconar gives the following directions:— 
f’ut the slips early in winter (November), selecting oldish, film twigs, with the greatest number 
of buds ; roll them up separately in cotton, after covering the wounds at the ends with cobbler’s 
wax, or some similar compo^tion. Make them up into bundles of from six to ten each, and wrap 
these bundles separately in cotton, colled round them with moderate firmness ; twenty to forty slips 
are enough for one packet. Put a wrapper or two of paper around the whole, and finish with an 
envelope of stout silk or even cloth, freely spread over on the inside with India rubber in the liquid 
or adhesive state, so that the side and end folds may stick In close apposition, making the whole air 
and water tight. In this way slips have been sent to Saharunpoor by Bombay (a distance of 7(X)0 
miles from Falmoutli), in a state fit for planting when transmitted in less than two months. 

+ Specimens of this natnrnl grafting may be seen in the Edinburgh Museum of Economic Botany. 
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ROinetimeB unite by natural grafting, and tliiis, after the trees have 
been cut down, the old stumps continue to live. The following in- 
stance of remarkable root-grafting is recorded by Lindley. Two 
(larrots, red Surrey and white Belgian, grew so close that each twisted 
half round the other, and they became united. The red Carrot, with 
its small overgrown part above the junction, took the colour and large 
dimensions of the white, which in like manner, with its larger head 
above the joining, took the colour and small dimensions of the red one 
at and below the union. The roots were joined by a narrow neck, 
their upper and lower portions remaining separate. Each gave to its 
companion its own qualities, and received from the other its qualities. 
The white-headed Belgian Carrot gave a white extremity to its red 
companion, while the red-licaded Suney Carrot gave a red extremity 
to its pale-coloured companion. 

980. The subject of grafting has received particular attention from 
Thouin and D^Albret.* The discovery of the art of grafting is said 
to be of the highest antiquity, but its inventor is not known. The 
Phconicians transmitted it to the Carthagenians and Greeks, and the 
Romans received it from the latter. The authors who have treated 
of the art in some detail are — Theophrastus, Aristotle, and Xenophon 
among the Greeks; Inago among the Cartliagenians ; Varro, Pliny 
the naturalist, Virgil, Agricola, in Italy ; Sickler in Germany ; Brad- 
ley, Miller, and Forsyth, in England ; Olivier de Serres, La Quin- 
tinie, Dnharael, Rosier, Cabanis, Thouin and D^Albret, in France. 
By grafting we propagate many woody, resinous, soft, or herbaceous 
plants, which either supply seeds rarely, or are difficult to strike from 
cuttings or layers. We propagate certain varieties, valued either for 
their fruit, the stnicture and fonn of flower, their colour, perfume, the 
nature of their wood, their general aspect, or the shades and variation 
of their foliage. 

981. There are certain important requisites which must be attended 
to in grafting. In the case of Dicotyledonous trees, care must be taken 
to bring the growing parts into contact — the two alburnums and the 
two libers. We cannot expect that the old wood of trees, in which 
the active processes of plant life have ceased, will unite. In the case 
of Monocotyledonous trees, grafting does not succeed well. The plants 
on which grafting is practised must be botanically allied, or at all 
events there must be a similarity in the composition of their sap. 
Union may take place between jdants which, in their natural state, 
require the same chemical ingredients in the same proportions. This 
is generally the case with varieties of the same species, more rarely 
with plants of different species, and least frequently with such as 
belong to different genera. The Lemon may be grafted on the 
Orange, because, as Lindley says, the sap of the latter contains all the 

* Thouin, liUimoireB but les GreffeB, m AimaleB du MuBeum, xvi. 209 and 860, xvil, 84; bIbo 
article Greffe, m Diet d’Agriculture, 1822 D’Albret, Cours Theorique et Pratique de la Taille dci 
Arbres Fruitiera, 1861. 
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whicU the former requires, and can sun 
♦<» tl^e engrafted twig. But the fL 

«tut» itequire other sabstenoes than the root of 

rfSTrS**** quenlity than the sap 

ean supply Aem. The sap of the stock, in order 
uw fW^ may be successful, must contain all that the engrafted 
^ w shoot requires m every stage of its growth. If the potash or 
lime required by the Grajie be not taken up, and in sufficient quan- 
tity, by the root of the Orange, it be in vain to graft the former 
upon the latter, with the hope of its coming to maturity or yielding 
perfect fruit. 


982. Grafting of varieties on the stem of the species whence they 
are derived is very common, and is constantly practised with Itoses, 
Camellias, Apples, <fec. Species of the same genus are also frequently 
united. The Peach (Amygdalus persica) may be grafted on the 
Almond (Amygdalus communis), the Apricot (Prunus Armeniaca) on 
the Plum (Pninns domestica), the Plum on the Cherry (Prunus 
Cerasus), and the Pavia (wdiJsculus Pavia) on the Horse-chestnut (Mb- 
cuius Hippocastanum). But the operation will not succeed between 
the Horse-chestnut and the Almond. Genera of the same natural 
order also may sometimes be united. Thus the Pear (Pyrus com- 
munis) may be grafted on the Quince (Cydonia vulgaris), or on the 
Thorn (Crataegus Oxyacantba), or on the Amelanchier (A. vulgaris), 
all of these belonging to the natural order Rosacea'. The Inlac 
(Syringa vulgaris) is said to adhere to the Ash (Fraxinus excelsior), 
and to Phillyrea latifolia ; the Olive (Olea curopea) to the Ash ; the 
Chionanthus to the Ash and Lilac ; all belonging to the natural order 
Oleaceaj. The Chestnut (Castaiiea vesca) may be grafted on the Oak 
(Qiiercns Robur), in the family of Amen life ra? ; and Bignonia radicans 
on Catalpa, in Bignoniaceas. 

983. There are marked instances of plants which seem to be 
allied, and yet which cannot be grafted on each other. Thus Chest- 
nuts will not graft on Beeches, nor Apples on Pears. As regards the 
persistence of leaves, it is in general necessary that the plants should 
correspond. But to this there are exceptions. Some Evergreens can 
be grafted on deciduous plants. Prunus Lauroccrasus and P. lusi- 
tanica, both Evergreens, live for some time grafted on the Bird Cherry 
(Pninus Padns), and are less sensible to cold than those growing on 
their own roots. Eriobotrya japonica and E. glabra, also Evergreens, 
live for a very long time grafted on the Hawthorn (Cratsegus Oxya- 
cantlia). The Cedar of Lebanon, grafted on the Common Larch, 
lives upwards of ten years, hut it remains stunted and dwarf. 

984. Although the general law is, that grafting can only take 
place between plants, especially trees, of the same family, there are 
certain exceptions. Loranthaceous parasites can form a union with 
genera in different orders. Thus the Mistleto has been found on the 
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Apple, Pear, Service-taee, Almond, belonging to Rosaceas ; Robinia, 
belonging to Leguminosas ; Ash, Oak, Poplar, Willow, belonging to 
Amentiferas ; Walnut, in Juglandaceee ; Spruce and Larch, in Coni- 
fer«e ; Ash, in Oleace«. In these parasites, however, the process by 
which they adhere is not ordinary grafting. The seeds, and not the 
buds or slips, are applied to the stems on which they grow, and cer- 
tain root-like processes are sent inwards. The habits of the plants 
are, moreover, such that they can accommodate themselves in a re- 
markable way to different kinds of nutriment. In ordinary circum- 
stances, we cannot indiscriminately graft one plant upon another. 
The statements, however, made by Virgil* and Pliny f on this subject 
show that the ancients were of a different opinion. Pliny talks of 
seeing one plant bearing numerous kinds of different fruits. This can 
only be accounted for by the practice called Greffe des charlatans, 
which consists in cutting do\^T:i a tree, hollowing out its trunk, and 
inserting numerous different })lants in the centre, with their roots in 
the soil. In the course of years the young plants fill up the trunk, 
and ap 2 >eai* as if they came from one stem ; and the deception is ren~ 
dered more complete when the trunk has not lost its vitality, and is 
able to push out buds with leaves. 

985. The mode in which grafting is accomplished varies. Thouin 
lias described about a hundred different ways, and D’Albret has 
written a volume on the subject. The mode of grafting may be 
divided into three — 1. grafting by approach ; 2. by slips or scions ; 
and, 3. by buds. Grafting by approach or inarching is performed 
between two plants growing near each other. Wounds exactly similar 
are made on the parts which are to be grafted, and the boughs are brought 
into contact at the wounds thus produced, and are tied together so as 
to be kept in union. In this kind of grafting both the plants to be 
united live on their own roots, and mutually co-operate to form a 
union. The two plants so grafted may be allowed to live together 
during their united existence, or one of the plants may be cut off 
(headed down) after the grafting has been effected. In the last case 
the object is to transfer valuable species to stocks of a hardier and 
more vigorous nature. By inarching, many fine trees and shrubs arc 
j)ropagated ; some large trees in parks and forests are made to assume 
an agreeable and picturesque aspect ; and we are sometimes enabled to 
produce curved or angular timber, usefiil for the navy and in the arts. 
Inarching is performed when the sap is in full flow in spring. 

986. In grafting by slips or scions the parts are cut in various 
ways. The slip cut from the one tree is called the graft or scion, 

* Et Bteriles plataui malos gess^ valentes, 

CastanesG fagos, ornasque iuranuit albo 

Elore pyri, glandemqae sues fregere sub ulmis.”— Georg, ii. 70. 

t Tot modiB inBitam ar1>orein vidimus juxta Tiburtes Tullias omni gcnerc pomorum oruustam 
alio ramo nucibua, alio baccis> aliuude vite, fids, pins, puiiicis, malomraque generibuB, aed huic brevia 
fuit vita.”-~PJ«». lib. xvii. c. 16, aect. 26. 
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while the other tree to which it is united is called the stock. The 
stocks employed for ordinary fruits have been divided into two kinds — 
tree-stocks and dwarfing-stocks. The former consist of plants which 
naturally attain the same size as those from which the grafts or scions 
are taken; the second are plants of diminutive size. The usual 
dwarfing-stock for Apples is the Paradise or Doucin, for Pears the 
Quince, for Plums the Bullace, and for Cherries Prunus Mahaleb, 
The most common kind of grafting is called whip-grafting or tongue- 
gi-afting (Fig. 1297). The top of the stock and the base of the scion 
or graft are cut off obliquely at corresponding angles ; a horizontal cut 
is then made near the top of the stock, «, and a slit made downwai’ds 
in the centre of its sloping face ; a similar slit in an upward direction 
is made in the scion, h. The tongue or cleft process of the stock is 
then inserted between the lips of the cut in the scion, and they are 
closely adjusted and united by clay or other means. Side-grafting 
resembles whip -grafting, but is performed on the side of the stock 
without heading it down. 

987. Cleft -grafting consists in cutting the trunk, branches, shoots, 
and evTii roots of plants, and making in the section a cleft, which 
usually divides it into two equal parts, for the introduction of kindred 
grafts, in order that these may be nourished by the stock (Fig. 1298). 
Sometimes a wedge-shaped slit is made on one side of the stock for 
the insertion of a slip (Fig. 1299). We must join as exactly as possible 
all the parts of the graft operated upon with those of the cleft made 
in the stock ; the libers especially should coincide. Grafts having 
leaves should be kept for a certain number of days in a moist tempera- 
ture of 60° or 75° in a still atmosphere, and not exposed to bright 
light. This grafting is usually practised at 4-6 inches above the grtmnd, 
and rarely higher than 32 feet. The thickness of the stocks varies from 
J of an inch to 1^ inch. (Vown-grafting is performed by heading 
down the stock by a horizontal section, and inserting numerous grafts 
between its bark and wood, so as to form a sort of crown round it. 
An old method of grafting was called wimble or peg-grafting, in which 
a slip was inserted in a perforation or hole made in the stock. Flute 
or tubular grafting is rarely practised. It is ]ierformed by heading 
down the stock, so as to leave a few inches of clear bark next the cut. 
The bark is then split into longitudinal slips, which are turned down. 
A scion is taken of the same length as tlic part of the stock laid bare ; 
the bark is detached by rubbing, the wood is pulled out, so as to leave 
the bark hollowed, which is then applied like a flute over the bare 
stem of the stock, and is properly fitted to it. If the bark is too 
largo, a bit is cut out, and if it is too small, a slit is made, and one 
of the slips of the bark of the stock is made to supply the space. 

988. Another mode of propagation is by means of buds taken 
from one plant and applied to the cut surface of another plant (Fig. 
1300). This process is called budding, or grafting by buds. It con- 
sists in the removal of a portion of the bark bearing a bud from one 
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plant, and mseitiiig it m a slit of the baik of anothei lite The stock 
on which the hud is placed has a portion of bark removed in the way 
represented in Figuie 1300 , a, flaps at the side being left so as to 
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covei a poition of the inseiUd baik, which is lepiescuted at with 
Ihe bnd oi eye on it The bud is tied down by bast This kind oi 
grafting is piattiscd m spimg and autumn, and is constantly (inplojcd 
foi the multiplication of fiuit tiics Budding is a kind of tianspl int 

J ig 1297 Whip or tongue grjfting The stock, a is cut m such a uav as to lm\t i t nij, t 1 I 
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lig 1299 A kind of elitt grafting in which the cleft is nude ut one side ot the stod i and tl t 
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ordiaaiy tmi^lanting, a tree is dug out of xhe ground at aat- 
I«*ce rad lemored to raother. In budding, a piece is cut out of the 
^ Of cm and is removed to another. The earth is the source of 
wott to the former ; elements already extracted from the earth are the 
nutiment of the latter. If from any cause a transplanted tree loses its 
fluid contents faster than it can get more from the earthy it dies ; if a bud 
loses its fluid contents faster thtm it can get more from the living tissue 
to which it has been transferred, it also perishes. The leal-bud of a 
tree consists of a central vital point, over wliich a skin of bark is drawn. 
If tbe growing point is destroyed, the bud perishes. It forms what is 
named the eye of the bud, and being brittle and tender, easily snaps 
off when the wood of the bud is jerked out. Great care is necessaiy^ 
in keeping the bud entire. The bark of the stock should inm freely, 
so that the wood may completely separate. This takes place most 
readily in half-ripe young wood. Grafting succeeds best in plants 
with woody stems, but occasionally it is pra(‘tised in herbaceous plants 
with success. I’he latter kind of grafting was adopted by Tschudy.* 
The graft is inserted in the axil of the leaf of the stock. In ordinary 
grafting, clay, or a mixture of bees- wax and tallow, are used for 
covering the grafted parts. Hits of India-rubber ^ to f of an inch 
broad are used for fastening graft'^ on slender stocks or branches. 

989. Several advantages are derived from the multiplication of 
vegetables by grafts. We are enabled to perpetuate remarkable 
varieties which could not be produced by seed ; wo procure quickly 
many valuable trees, which are with difliculty multiplied by other 
means ; wc ha&ten the period of fruit-bearing ; and we improve and 
propagate varieties of fruit trees. In tlie case of cultivated Apples and 
Pears, the seeds of our best fmits, such as the liibston Pippin, the 
Nonpareil, and the Jargonelle, if sown, will not produce plants bearing 
these varieties of fruit, hut they will have a tendency to rei>roduce the 
original species, viz., the Crab-apple or l\*ar. In the l^each orchards 
of America the kernels of the finest sorts are seldom found to pro- 
duce trees bearing fruit fit for the table. It is said that one himi-ed 
seeds of the Golden Pipjun, when sown in good soil, will produce 
large-leaved Apple trees, bearing fruit of a considerable size; but 
tbe tastes and colours of each will be different, and none will be the 
same in kind witli the Pippin ; some will be sweet, some bitter, 
some sour, some mawkish, some aromatic, some yellow, others green, 
red, or streaked. Such is the usual case with the seeds of culti- 
vated Apples. Many seeds of the Kibstoii Pippin and of the Nonpareil 
have been raised, and none of the progeny have inherited the peculiar 
flavour and excellence of the parents. Seedlings from the same tree 
differ, and even pips from the same apple produce different kinds of 
fruit. There is a strong tendency in the plants raised from seeds of 
cultivated fruits to return to the state of wildings. By means of 
grafting wc are enabled to continue esteemed varieties, and at the same 

* Tw hiuljr, Es'int snr la Greffe dc I’Tlerbe, des PJaritcB, ct drs Arbrrs, 18U» 
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time to impai't vigour to young Hlips by putting them on g(x>d and 
well-grown stockti. 

990. The seeds of certain plants have a tendency to sporty as it is 
called, especially when highly cultivated and supplied with abundance 
of good nutriment. This is the case with the seed of the Crab-fiuit 
when sown in good soil. By the art of the gardener an improvement 
is produced in fruit naturally sour and inedible. The seeds of such 
fi*uits, especially after a long period of cultivation, have a tendency to 
produce plants which bear fhiit of a better quality than the Crab. 
Plants showing such a tendency are carefully preserved, and slips are 
taken from them and grafted on well grown stocks, and thus additional 
vigour is imparted. Grafting has the effect of supplying to the scion 
a store of nutriment ready prepared and at once fitted for use. More- 
over, the nature of the stock imparts often certain qualities to the finit 
borne by the graft. The flavour of the Greengage Plum is said to 
differ according to the tree on which it grows, and this is said also to 
be the case with some varieties of Cherry. The process of ennobling 
fruit trees is by grafting slips on excellent stocks. Grafting some- 
times changes the habit of the plant. Thus the Pniniis canadensis, 
which in its natural state is a shrub, becomes an erect tree when 
grafted on (he Plum. Such is also the case with Cytisus sessilifolius 
when grafted on the Laburnum, and with Cerasus Chamwcerasus on 
the Cherry. The Jjilac grafted on the Ash becomes a tree. While* 
some plants become more hardy by grafting, others become more delicate. 

991. Mr. Knight entertained the idea that the only true mode ol 
continuing plants was by seed, and that a young shoot taken from an 
old tree coidd not be made to live longer than the natural term of life 
of the tree from which it was taken. On this principle he accounted 
for the disappearance, or at least the scarcity, of many well-known 
fruits, such as the Red Streak, the Golden Pij)pin, and the Golden 
Harvey. According to Mr. KnighPs theory, the vegetable individual 
is a plant which has originated from the development of a single seed ; 
this individual may consist of many detached portions, each of which 
may exist apart from the others. A cutting of a tree is a part of the 
individual from which it was taken, and although it may have become 
a tree, still, according to Knight’s view, it is no more than a developed 
state of a portion of the original plant. All parts of a tree are viewed 
as having a common end of their life, and different trees raised from 
one and the same tree by grafts are considered as decaying about the 
same time as the parent plant. 

992. These views have not been confirmed by the observations of 
physiologists. Experiments show that young shoots of old trees, when 
used as grafts or slips, furnish as vigorous plants as the shoots ol 
young trees. Even the terminal bud of some Palms, as tlic Date, has 
l)een removed at a time when vegetation was beginning to decivase in 
an old tree, and has been planted and produced a vigorous plant. A 
whole series of cultivated jdants, such as the Vine, the Hop, the Italian 
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«»d the Weepbg Willow, are constaotly propagated by divi- 
^ Without any decreased power of vegetation being observedf Dr. 
Umain cut a twig of a Willow which, according to Mr. Knight wa« 
oymg of old a^, and he transferred it to the Edinburgh Botanic Gar- 
den, where it is now a large and vigorous tree, although the individual 
from which it was taken died long ago, 

993. Dr, Fleming, in the Quarterly Journal of j\gTicnlture, refutes 
Ejiight’s views, by showing that there are immerons jilants wdiicli are 
propagated naturally by buds of various kinds, and tliat many such 
extensions are known to outlive the plants from wliicli they arc taken. 
Lindley remarks, there is no truth in the statement that jiropagation 
by seed is the only natural met laid of reproduction in jilants. JVIany 
are propagated naturally by stems, bulbs, and tubers. I’lic Sugar-cane 
propagates by the stem which, Avhen blown down by a stoiun, cuiils 


roots at every joint, the Tiger-lily projiagates liy bulbils, the Jerusa- 
lem Artichoke and the Potato ])y tubers, and the species of Achimencs 
by scaly bodies like tubers. Such inodes of propagation do not cause 
debility. Tlie wild Strawberry has been more jiropagated by runners 
than by seeds, and yet there are no signs of decay. The .lernsalem 
Artichoke was introduced in 1617, and has been propagated by tubers, 
and yet there is no debility. The Couch-grass is propagated by its creep- 
ing stems, and yet, unfortunately for the farmer, it is as vigorous as ever. 

994. There is no evidence of plants multiplied by division wear- 
ing out. Tlie White Beiirrc Pears of France Lave been ])ropagated 
thus from time immemorial. Cultiviited Vines have been transmitted 


by perpetual division from the time of the Komans. The Vitis 
pra'cox of Columella is admitted by Dr. Henderson, on the best autho- 
rity, to have been the Maurillon or Early Black July (irape of the 
present day; the Noinentana to have been the Ceruian I’raiunier; the 
Grsecula, the modern (ku-inth or Currant ; and tlie Dactyle, our (Vjr- 
nichons or Finger (i rapes. Tlie Golden Pip])in and the Golden Harvey 
are still in the market. The former is among the most vigorous A]>ples 
of Madeira, and grows well in the London Horticultural Society’s 
Garden. The Old Nonpareil was known in the time of Queen Eliza- 
beth. Any scarcity in the production of these Apples must be attri- 
buted not to old age, but to negligence or want of care in cultivation. 
There is however no doubt that cultivated plants become feeble by 
the influence of various causes, such as exhaustion of the soil, impro- 
per food, mutilation, the effects of cold, Ac. It is also true that seeds 
or slips taken from diseased and weak plants will partake often to a 
certain degree of the constitution of the plants from which they have 
been taken. 


995. While numerous experiments have proved that the young 
shoots of old trees, when used as grafts, furnish as vigorous plants as 
the shoots of young trees, and that Knight’s views in regard to there 
being one common period of death for all parts of a tree, are erroneous, 
there is still wanting definite information as to the age which trees 
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attain. The duration of their life has not been accurately determined. 
It exceeds so much the limit of man's life that it is not easy to collect 
data on the subject. Some exogenous trees attain a very great age. 
Trees which, in individual cases, attain great ages, belong to the most 
different natural families. Among them may be mentioned the Baobab, 
the Dragon-tree, species of Eucalyptus, Taxodium distichum, Pinus 
Lambertianfi, Hymena 3 a Courbaril, species of Caesalpinia and Bombax, 
the Mahogany tree, the Banyan, the Tulip -ti’ee, the Oriental Plane, 
Limes, Oaks, and Yews.* 

990. Mr. Knight, from adopting his peculiar iheoiy of propagation, 
was led to set about producing new varieties of fruits from seeds. 
He ])rocured se(‘ds from the most esteemed varieties, cultivated them 
highly, selected those which gave the best promise of good fruit, grafted 
them on vigorous stocks, and thus he was enabled to produce tJic 
Aclon Scott Peach, the Tngestrie and Downton Ap])les, and many 
others. 1 r(‘ also cffecbnl valuable improvements in fruit by hybridizing. 
Tie found that a Crab fertilized by ])olIeii from good fruiting plants, 
produced better kinds from seeds than could be had from seeds of im- 
proved fruits. Vail Moiis has also adopted means of producing 
inij)rov(‘d varieties of fruit from seed. The following is the method 
he pursues '.f — Heeds of cultivated varieties, or of wildings which 
luiv(‘ sj)ruiig from cultivated vari(‘ties, are sown. The plants from 
this sowing are reared and made to fruit as quickly as possible. 
Another generation is raised from these seeds. 'riiiis he goes on 
always sowing the seeds of the last raised generation. Cood new 
sorts are thus sometimes obtained amongst those of the second or third 
geiKU’atioii. But cacli successive generation is characterised by a 
more general amelioration than that of its predecessor, till at last a 
higli degr(*(* of excellence is obtained. Of some fruits, good varieties 
are obtained from tlie third sowing. In others, after the fourth or fifth. 
In Pears, after the sixth or seventli. The varieties are afterwards 
])ropagated by grafting. 

997. Horae maintain that the stock and scion are incajiable of pro- 
ducing any influence upon each other respeelively, and that each re- 
tains to the last its own peculiar quality. This seems to be true, so 
far as theii* visible organisation is concerned ; for when grafted trees 
arc cut down, the timber of the stock and scion remains just what it is 
in cases where no grafting has taken place, and the shoots that pro- 

* De Candolle gives ilic following list of some rcniarkalilp trees, the ages of which hud been ascer- 


tained : — 

Years. Years. 

Kim (tllmns campestris), about ... 335 Olive (Olea europa?n) 700 

Cypress (Cupiessus sonipervirens) . . . 350 Oriental Plane (Platanus onentalifl) . . . 7‘20 

Cheirostcmon platanoidcB . . . 400 Cedar (Cedrus Lilian i) 800 

lv7 (HederaUclix) .460 Lime (Tilia cuiopira) . . . 1070, 11 J7 

Larch (Lanx euioptca) . . 576 Oak (Quorcus llobur) . . 810,1080.1500 

Chestnut (Castaneavesco) . . 000 Yew (Taxus baccata) . 1211,1158,2588,2880 

Orange (Citrus A urantmm) . . 030 Taxodium distichum . ... .3000 or 4000 


Some Palms (CeroAj Ion and Cocos) . 600-700 Baobab (Adansonia digital a) about . . , OlKH) 

t Poitc.m, Artiinl. Soc. d’llort. dc Pans, 1819. 
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lUttto g^ewlly manifest in like manner exactly their orimal 
In gra^g an early Hawthorn on a late, and vice versa, it 
was fiMmd by the Archbishop of Dublin that the scions kept their 
tunes (about a fortnight difference), as if on their own stocks * If we 
bud a Peach upon a Plum, each retains its own peculiar foliage. 
There can be no doubt, however, that the nature of the stock has a 
decided effect on the slip or scion, botli as regards its nutritive and its 
reproductive organs. Thus it is stated that Pears grafted on the Moun- 
tain Ash are rendered more hardy, and bear fruit earlier ; and when 
grafted on Quinces they become higher coloured. Apples grafted on 
the Siberian Bitter-sweet Apple are more highly coloured than when 
grafted on the Crab. Peaches on Plum stocks are coarser than on 
Peach stocks. The Beurre-Diel grafted on the Thorn produces hard 
fruit. This shows that the stock has an influence on the graft, and 
points out the importance of selecting stocks of good quality. The 
plan of ennobling fruit trees proceeds on the principle of grafting on 
superior stocks. Treffz made some exjxjrimeiits, from which it ap- 
peared that tliis ennobling process had a marked effect on the jfruit of 
Apples, Currants, Gooseberries, Apricots, and Quinces. 

998. In some instances it appears that the slip or scion has a de- 
cided effect on the stock. Thus, according to Hales, if we bud the 
variegated Jasmine on a nori-variegated one, it sometimes happens 
that the Imds sent out from the latter boar variegated leaves. It is 
reported that at (^helsea the variegated White Jasmine was budded 
upon a branch of a fine plant of Kevolnte Jasmine with green leaves, 
and in tlie succeeding year a slight appearance of variegation cam(‘ 
out on the leaves of the Be volute Jasmine. The next year the branch 
which had been budded was cut out, so tliat the Revolutc Jasmine was 
thus apparently deprived of all influence from the variegated bud. 
Nevertheless, the variegation in the remainder of the plant continued 
to increase, and the leaves and branches ultimately became all varie- 
gated, even more than the White Jasmine, whose hud was originally 
inserted. A variegated Ash graft has also caused variegation in the 
leaves of a common Ash stock. At Morningside, near Edinburgh. Mr, 
Evans states there is an instance of Pynis Aria grafted on Pynis 
Auenparia, in which the stock, about two feet below the point of 
junction, has produced leaves resembling those of the graft along with 
those peculiar to itself. 

999. Recapitulation of the chief facts relative to the propagation 
of plants by slips and buds : — 


1. The lower classes of plants frequently multiply by division and separation of cells. 

2. The hi|;;her classes of plants are often propagated by the separation of buds and 

offsets. ^ 

8. In viviparous plants buds occupy tlic place of seeds. 

4. Gardeners propagate particular varieties of plants by cuttings or layering. 
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5. Cuttings may either be inserted at once in tiie soil, or may be placed upon otiier 
plants by the process of grafting. In the latter case the slip or cutting is called 
the graft or scion, while the plant in which it is inserted is called the stock. 

0. Graftiing snoceeds b^t with wo^y plants, but occasionally the parts of herbaceous 
plants may be united. 

7. By grafting, varieties are continued which could not be propagated by se?d, espe- 

cially many which are valued for their flowers or fiuit; at the same time the 
period of fruit-bearing is hastened. 

8. Grafting can only be successfully performed between allied plants, more particularly 

individuals of the same species, and species of tbo same genus; occasionally allied 
genera can be united. 

9. The various modes of grafting may be included under inarching, grafting by slips, 

and budding. 

10. In grafting it is of importance to place the active growing parts of the plants in 

contact, and to keep them in apposition. 

11. Good varieties of fruit are produced by sowing the seed in good soil, and by grafting 

on good stocks. 

12. The seeds of the flnest varieties of Apples, when sown, have a tendency to produce 

p]ant^ like the Crab-apple — the original species — and it is only by Jiigh cultivation 
and grafting that they can be perpetuated. 

l;j. The stock lias an effect on the graft or scion; hence the propriety of graftingon good 
stocks, which is denominated ennobling. 

1 1. Mr. Knight supposed that all parts of a tree have one common period of death, ainl 
that young grafts taken from old trees would die at the same period as the plants 
whence they were taken. 

15. He attributed the .scarcity of many of the fine Apples of the 17th century to the fact 
tfiat the original ])laiits having died from old age, all the slips taken from them 
had also reached the limit of their existence. 

I d. lie thought that reproduction by seed was the ouly true way of continuing the 
plant. 

17. These views have not boon contirm<‘d by physiologist", who have shown that many 

plants are propagated naturally by huds and shoots and yet do not decrease in 
vigour ; and tliat the failure of certain fruits is due to defect in management, and 
not to old age. 

18. The ago which trees attain has not been fullj" determined; some live for many cen- 

turies. 

1<). While the stock has a decided intlucnee on the graft, it is also found in some instances 
that the latter has an effect on the former. 

20. A plant with variegated leaves grafted on one w ith green leaves has sometimes 
caused variegation in the leaves of the stock. 



onAPTEii xn. 

DEVELOPMENT OF HEAT, LKiHT, AND ELECTRIOUT 
BY PLANTS. 


JOOO. Tvm'pcraiurv of Plants , — We lia\e already seen that, durinj.^ 
I lie [lerieds of flowering and germination, a considerable amount of 
heal is evolved (p. 519, 633). This seems to depend on the com- 
bination between the oxygen of the air and the carbon of the plant, 
and is accompanied with the formation of grape sugar and the evolu- 
tion of carbonic acid. The heat at these stages of giwth ivS often 
very e\ddent, more especially in cases xvhere numerous g(‘rminating 
seeds are placed together, and numerous flowers are enclosed in a 
common covering. The phenomenon recpiires to be noticed in cir- 
cumstances in which the heat cannot be carried off rapidly by the air 
or the soil.'^ It is a matter of interest to determine whether or not heat 
is produced during the ordinary vital actions going on in the cells and 
vessels of ])laiits. The investigation of this point has called forlh the 
labours of several physiologists. Hunter instituted a si‘ries of exjieri- 
inents respecting the temperature of trees, ile bored holes to the 
depth of ten or tw(*lve inches in the tnmks of trees, and inserted ther- 
mometers. He found that in spring, autumn, and winter the tempe- 
rature of the internal part of a tree w'as usually about tw'o degrees 
above that of the air. The results, how^ever, were variable, and no 
satisfactory conclusions were deduced.f Hehoepf, Bierkander, Maurice, 
and Tictet made similar experiments, and they agree in giving io 
trees with thick trunks a temperature lower than that of the air 
during great heat, and higher than that of the air during extreme 
cold. 

1001. An extensive series of (tbservations were made by Sclmbler 
at Tubingen by putting tliennomotcrs into holes wdiieh penetrated to 
the centre of the trunks of Pines and other trc(‘S. He found that the 

I'ournoy ft Aaiuiuflm, Mem sin Ih Oeimmaln.ii tt la Ffrm( ntation (Its Gi.iines, iii Aim.ilcs du 

Miibdim, M) 1 

+ Iluntti, I'Apenriicntb on AiiimnU ami \mUj icspcil ImIDc pDVd of pioduciiiff licat, 

ill Pliilos 'I'lans. vol (Li, foi 1775, p 44^. 
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Icmperatiiro in the centre of a tree at sunrise, when the weather was 
clear, was higher than that of the surrounding atmosphere ; and that 
at mid-day, or rather during the hottest part of the day, the contrary 
was the case. Schuhler said that the tree was to 2^*^ colder than 
the air in summer, and to 3® warmer in spring.* While in 
Schuhler 's experiments the temperature of trees with tolerably thick 
stems never attained the extreme of the temperature of the atmos- 
phere, Reaumur saw slender trees heated 18^* to 29*^ above the tempe- 
rature of the air in the sun.f In all these experiments the results 
seem to depend on the etfecls of the sun's rays, on evaporation, on 
the temperature of the soil as influencing the ascending saj), and on 
the bad conducting power of the wood. 

1002. The temperature of a plant, that is, of its juices. Dr. Hooker 
finds to depend materially on that of the soil at its spongioles. A 
good large unripe Shaddock on the tree will maintain the same tem- 
perature on the plains of India with the thennometer in the air at 
mid-day at 110°, and at midnight at 68% the black bulb in the sun at 
150°, and the radiating thermometer at night at 58% with the plant 
and fruit fully ex 2 )oscd to all these vicissitudes. He mentions that, 
wlmn the surface sand in the valley of 8oane was heated to 110% tlie 
fresh juice of C/alotropis was only 72°. This latter lemperaturi‘ he found 
at fifteen inches depth in the soil where the plant grew. I'lie power 
which the jdant has in maintaining u low temperature of 72% though 
the main portion which is subterranean is surrounded by a soil heated 
b(‘twceii 90° and 100% is remarkable, and is no doubt proximately due 
to tlie rapidity of evaporation from the foliage, and ccmsecpitml activity 
in tlie circulation. Its exposed leaves maintained a temperature of 
80% nearly 25° lower than the similarly exposed sand and alluvium. 
On the same night the leaves w^ere cooled down to 54°, Avheii the 
sand had cooled to 51°. Before daylight the follo\\ing morning th(‘ 
sand had cooled to 43°, and the leaves to 45.5°.J It appears that the 
internal temjierature of the trunks of trees depends in a great measure 
on that of the soil at the depth to which the roots penetrate. The 
liquid taken u]) by the roots rising vertically in the trunk, and being 
at the degree of heat which the soil possesses at the depth of the roots, 
tends to warm the tree in the cold season, and to cool it in comparison 
wdth the air in the w^arm season. 

1003. While the nutritive processes are going on in tlie 2 >lant 
there is a certain amount of heat imoduccd. This, however, is sjicedily 

* Soliubler, ueber die Temperatur der Vepptabilien, in I’og^rndorf, Annalrn x. 5R0. and Thonison’s 
(’licmistry of Vegetables, 956. Haider, Beobaclitungcn upber die Temperatur der Vegetabilien, 
rubingen, 1826. Goeppert sur Ic l)^\eloppemeiit de la chaleur dans les I'laiitps, Hreslau, 1850, and 
Vienna, 1832. 

I Mold, on the Vegetable Cell, by llcnfrey, p. 102. 

t The sap of the lop-pUmt {Mesembryanlhemum ityHalhuvm) said lobe rolder Ihan tlip sur- 
rounding air. John states that on 13tJi September, when engaged in exaniiiiiiig it ut Uerim, the 
thermometer m the shade stood at 54^**, but when plunged mlo the sap ot this jilant it sunk to 41®. 
kvapoiatioii probably liud a powerful cflect. 
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carried away by evaporation and other causes, and is not easily ren- 
dered evident, Dutrochet, by means of BecquerePs thermo-electric 
needle, showed an evolution of heat in plants. In doing this he 
required to prevent evaporation by putting the plant in a moist atmos- 
phere. In these circumstances the temperature of the active vegetating 
parts, the roots, the leaves, and the young shoots, indicated a tempe- 
rature above the air of ^ to f of a degree Fahrenheit. Van Beek and 
Bergsma, in their experiments on Hyacinthus orientalis and Entelea 
arborescens, found the proper heat of the active parts of plants about 
1.8° F. above that of the air.* The vital or proper heat of plants, ac- 
cording to Dutrochet, is found chiefly in the green parts, and it under- 
goes a quotidian paroxysm, reaching the maximum during the day, and 
the minimum during the night. When stems become hard and ligneous, 
they lose this vital heat. Large green cotyledons gave indications of 
a proper heat. The hour of quotidian maximum varied from 10 a.m. 
to 3 p.M. in diflerent plants.-}* 

1004. The following arc some of the observations made by 
Dutrochet in regard to the diurnal paroxysms of heat in the stem of 
Euphorbia Lathyris (Fig. 1111, p. 423): — 


Horn or day. 

Deviation of 
Thenno-rlectnc 
Needle. 

Proper IJoat of 
Plant above the At- 
mosphere. 

Temperature of the 
Atmosphere. 

5th June. 

() A.M. 

H 

0 . 1 00 “ F . 

( i 2 . 24 '> F . 

7 „ 

n 

0.108 

62.24 

fi „ 

2 

0.324 

62.24 

9 „ 

.3 

0.324 

62.42 

1 " .. 

4 

0.450 

62.60 

! 11 V 

4 

0.500 1 

62.96 

i 12 „ 

1 

0.558 

63.14 

1 1 p.M. 


0.610 

1 63.50 

2 » 

=1 

0.500 

63.86 

4 „ 

1 0.210 

63.68 

6 ,. 

1 

, 0.108 

63.50 

s „ 

i 

0.054 

62.96 

9 

i 

0 027 

62.60 


The observations were continued on the Gth June with similar results, 
but the proper heat did not attain such a high maximum. 


* Van fieeket Bergsma, sur la Temperature des Vegetaux, in Ann. lies Sr. Nat. 2d ser. Bot, 
Ml. 90. 

I Datrocliet, Rcclierches but la Temp6rature propre doe V6ff6taux, in Ann, dcs Sc Nat. 2d ser. 
Bot. xli. 77, 84. See also Edin. New Phil. Journal, xxviii. 103, Dutrochet, sur la rlialour propre den 
Atres vivans k hnase Temperature, in Ann. des Sc. Nat. 2d aer, xiii. 5, 
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1005. The following are feome of the resultb which Dutrochet ob- 
tained, with different species of plants : — 


NAMES OF PLANTS 

Hour of 
Maximum of 
Vital Heat. 

Deviation 
of the 
Needle. 

Maximum of 
Vital Heat. 

Temperature 
of the 

Atmosphere. 

Rosa canina . . 

10 

A.M. 

3i 

0.380« F. 

71.60° F. 

Allium Pomim ... 

11 

if 


0.216 

74.84 

Borago officinalis 

12 

NOON. 

li 

0.160 

66.20 

Euphorbia Lathyris 

1 

P.M. 

Oi 

0.610 

03.50 

Papaver somniferum 

1 


3J 

0.380 

68.72 

Cactus flagelliformis 

1 


2 

0.216 

67.10 

Helianthus annuus . . . 

1 


H 

0.396 

66.84 

impatiens Balsamina 


f) 

u 

0.198 

60.80 

Ailanthus glandulosa . 

1 

fi 

25 

0.290 

71.60 

1 Campanula Medium 

2 

if 

5 

0.558 

61.16 

! Sambucus nigra . . 

' 2 

if 

3i 

0.380 

1 66.74 

Lilium candidum . . j 

2 

» 

4J j 

0.504 1 

1 63.10 

Asparagus officinalis . 

3 


4 i 

0.450 

53.6 

, Lactuca sativa . . j 

3 


1 

0.100 

71.24 


The hour of maximum varied from 10 a.m. to 3 p.m., and the tempera- 
ture varied from about one-toutli to rather more than half a degree 
I^^ahrcnheit. In the cas(* of Fungi the following results were ob- 
( ained : — 


NAMES OF PLANTS 

Deviation of 
the Needle. 

Jlent of 
Fuiifrus above 
the All 

Temperature 
of the 

Atmosphere 

Agaricub eburneus . , 

1 H 

0.36° F. 

, 68.90«F.* 

Agaricus colubrinus . ! 

1 H 

0.18 

68.36 ' 

Agaricus annularius 

H 

0.18 ! 

1 63.50 

Boletus serous ... j 


0.81 

66.74 

Lycoperdon hirtum 


0.47 

70.06 j 


1006. Rameaux* repeated the experiments relative to the tempe- 
rature of the trunks of trees, and likewise those relating to the heat of 
the active vegetating parts of plants, and he came to the conclusion 
that the temperature of plants depends on two distinct sources — 
1. Organic actions going on in the young, soft, and herbaceous parts 
of plants, and which give rise to a temperature so slight that it requires 
delicate instruments to show it. 2. Meteorological influences, either 
immediate, as exercised on parts of plants exposed to the air, or mediate, 

* Knmeaux, des Tempdrnturrs Vdg^t.ilcs, in Ann dee Sr N*»t 2(1 ici Bot xix 5 
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as exercised on the soil and on the sap which is drawn up from it ; 
the former hoing the most energetic. He remarks that in a tree at 
any one instant there are as many different temperatures as tlicre are 
points unequally aecessihle to external sources of heat ; that the sum 
of all these temperatures, or the entire heat of the tree, augments and 
diminishes with the surrounding temperature ; that the variations of 
temperature arc more rapid and more intense in the superficial than in 
the deep layers, and that parts having a small diameter are cooled 
and heated with more rapidity and energy than those whose diameter 
is great ; that during day the temperature of the different concentric 
layers of a tree diminishes in going from the surface to the centre, 
and that this diurnal distribution is established more or less quickly 
and completely according to the nature of the surrounding temperature 
and the diameter of tree ; that during the night, on the contrary, the 
temperature of the different layers increases from the surface to the 
ecntr(‘, the noctunial distribution varying in fhe same way according to 
the surrounding fem})erature and the diarmder ; lhat the aclion of solar 
rays is the most powerful cause of the temiiiTature of plants ; and that 
(lie ascending sap increases or diminishes the temperature of the ])arts 
it traverses according as these ])arls have a temperature lower or 
higher than its own. 

1007. (Lirdner* made experiments on the influence of the dew- 
point in vegetables, considered especially wntli reference to th(‘ir tem])e- 
ralure. He concludes that certain vegetabli'S fii“e without specific 
lieat ; that the variations, plus and minus the almospherie air, ob- 
served in plants, are owing cliiefly to the stale of the dew-point, its 
elevalion causing an increase of heat hy checking eva]K)ration, and its 
depression by favouring evaporation producing coldness ; that the 
sensilile heat of [dants is directly as the atmospheric t(*m])eralure and 
the chemical action going on in their cells, and inversely as the radia- 
tion, evaporation, and conduction of the soil and an*. 

1008. Luminosifij of Plants . — Considerable differences of opinion 
exist as to tlic luminosity exhibited by plants. Liglit is undoubt- 
edly given out by Fungi in certain circumstances, but the occur- 
rence of luminous phenomena in the higher plants is still a matter of 
dispute. Luminosity has been noticed in many species of Agaricus 
growing on dead or decaying w^ood, such as Agaricus olearius, indige- 
nous in the south of Europe; Agaricus Gardneri, in (toyaz, Brazil; 
Agaricus igneus, in the island of Amboyna ; and Agaricus noclilucens, 
ill Manilla. The first two are of an orange colour, the third of an 
ash colour, and the fourth white. The light of the Agaric of the 
Olive-grounds (Agaricus olearius) may be compared to that of phos- 
phorus ; it is a continued wdiite light without scintillations, very 
bright when the plant is young and recently gathered. Agaricus 
igneus has a bluish light. The whole plant of Agaricus Gardneri 

* Gardiiei, on tlie Influence? of U«p dcM-jmint on the Temperature ol V»‘},TUibl( s, Jii Annals of 
Philo3opl>y foi 1S1*2 



LUMINOSITY OF PLANTS. 


675 


gives out at night a bright phosphorescent light, somewhat similar to 
that emitted by the larger fire-flies, having a pale greenish hue. From 
this circumstance, and from growing on a Palm, it is called by the 
inhabitants of Villa de Natividade, Flor de Coco.* 

1009. Drummond describes two species of Agaricus near the Swan 
Eiver, which emit a most curious light.-J* They grow parasitically on 
trunks of trees such as Banksias. When placed on paper, the Agarics 
emitted by night a phosphorescent light sufficient to allow a person to 
read by it, and they continued to do so for several nights with gra- 
dually decreasing intensity as the plant dried up. Another phospho- 
rescent Agaric was noticed by Mr. Drummond in Australia on tlie 
trunk of a dead Eucalyptus occidentalis. The upper surface of the 
pileus was nearly black, while the central ])ortion and the gills were 
milk-white, the stipe being attached to one side of the pileus. 

1010. Some species of Rhizomoipha are remarkable for the phos- 
phorescence which they display. These plants vegetate in dark 
caverns, and in the coal mines of Germany. They are seen hanging 
from the roof in gj’eai numbers. Their luminous qualities are most de- 
veloped in the furtliest recesses of the miries.| Prestoc has noticed that 
the spavn of the Tniffie (Fig. 1022, p. 345) is luminous, and that it 
may thus be collected at night in the I’ruffie-grounds. These ai’c 
instances of luminosity in living Fungi, which disajipears with life. 
Luminosity has also been observed in plants in a state of putrescence, 
as in rotten wood and in half-decayed potatoes. 

1011. Tulasiie has made observations on the light given out by 
Ehizomoiqdia siibterranca. By preserving it in a proper state of hu- 
midity the ])hosj)horesceuco was kept up for several evenings. Wlien 
the Fungus began to dry it lost its luminosity. § Tulasne considers the 
light as similar to the phosphorescence in decaying plants, and he 
concludes that the same agents, namely oxygen, water, and heat, fur- 
nish the combination necessary for producing phosphorescenee, both in 
organized living beings and in those which have ceased to live. In 
both cases the luminous phenomenon accompanies a chemical reaction, 
which consists chiefly in the combination between organized matter 
and the oxygen of air, that is to say, a slow combustion, giving rise 
to carbonic acid. The light from Ehizomorpha and Agaricus olearius, 
as well as that from decaying wood, is stated by Meyen to be increased 
on plunging the plant or wood into oxygen gas ; he attributes the pheno- 
menon to chemical action going on botii in living and in decayed tissues. 

1012. The light given out by some Mosses, as Schistostega os- 
mundacca and Mniura punctatum, depends on optical appearances, and 

* Gardner, on a New Phosphorescent Species of Aparicus, m Uook. Joum. of Botany, ii. 426. 

t Drummond, on a curious luminous species of Fungus, from tlic Saun Rncr, In Lond. Journ. of 
Bot. 1 . 216. 

t Humboldt, ueber untcrirdische Gasnrten— No\a Acta, m. Part 2, (!06. Nees Von Escubeck, die 
untenrdischen llhizomorphcn, in Nova Actn, xi. Part 2, 603. 

^ Tulasne, sur la Phosphorescence Spontaiide de I’Agaricus olearius, du Bliizomorpha suhter- 
runea, et des Feuilles Mortes du Chfine— Ann. dcs Sc. Nat. 3d. scr. Bot. ix 338, 
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has nothing to do with the development of liglit from the Hubstance of 
the plants. In the former the cellules of tlie germinating plant swoL 
len into little globules, and in the latter the small drops of water on 
the leaves, produce a glimmering by a peculiar refraction and reflec- 
tion of the daylight. The light of Schistostega is of a delicate emerald 
green. Similar appearances were observed by Milde on the young 
frond or prothallus of Ferns. 

1013. The younger Linnaeus states that the flowers of Nastur- 
tium, the African Marigold, the orange Lily and other orange flowers, 
give out, at the end of a hoi summer day, intermittent phosphores- 
cence resembling little flashes of light. Dowden also mentions a 
luminous appearance of a similar nature in the common Marigold 
(Calendula vulgaris). He noticed it on the 4th of August 1842 a1 
8 p.M. after a week of very dry warm weather. A gold-coloured 
lambent light seemed to play from floret to floret, and to make a course 
round the disk of the flower.* James states that at Moseley in Wor- 
cestershire, after a hot dry day, the flashes of light from Papaver 
pilosum or hairy red Poppy, were observed by himself and others. 
The light given out by flowers has been remarked by vaiions other 
observers. The plants in the flowers of which it has been observed 
are Tropseolum majus, Helianthus annuiis, Calendula officinalis, 
Tagetes erecta and patula, Lilinm chalcedonicnm and bulbifemm, 
Polyanthes tuberosa, Papaver orientalc and pilosum, Chrysanthemum 
inodorum, (Enotliera macrocarpa, and Gorteria rigens. These luminous 
phenomena in flowers are considered by Professor Allman as being 
merely optical illusions. He says they are only seen in orange and 
gaudy flowers, and at twilight, not in darkness, and that they must he 
traced to an intermittent effect on the retina. Kutzing agrees in 
thinking that the luminous appearances in flowering plants are 
illusory^ and he (quotes the following passage from Goethe in proof of 
this; — “On the I9th June 1799, late in the evening, when tlie 
twilight was passing into a clear night, as I was walking up and 
down with a friend in the garden, we remarked very plainly about the 
flowers of the Oriental Poppy, which were distinguishable abovt^ 
every thing else by their brilliant fed, something like flame. We 
placed ourselves before the plant and looked steadfastly at it, but 
could not see the flash again, till we chanced in passing and repassing, 
to look at it obliquely, and we could then repeat the phenomenon at 
pleasure. It appeared to be an optical illusion, and that the apparent 
flash of light was merely the spectral rej;resentation of the blossoms of 
a bine-green.” 

1014. The sap of plants is said to be luminous in certain instances. 
Momayf describes a tree in South America called Cipo de Cunanam, 


* Dowden, on a Luminous Appearance of the Common Mangold, in Brit. Amoo. Traniactione 
for 1843, p. 79. The experiment was made with the Double Mangold, which docs not exlubit tin 
phenomenon of foldmg ita florete in the evening. 

+ Monmy, m Philos Trans, for 181«, p 279 
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with a milky juice, which gave out in the dark a bright light when 
wounded. The phosphorescent light appeared at every cut in the 
stem, and each drop of the milky juice was luminous. Mar- 
tins also observed the same kind of light in the sap of Euphorbia 
phosphorea, a Brazilian plant, when wounded. When this was ob- 
served, the temperature was 97.25® F., but it ceased when the heat 
sank to 68® F. ; he did not find that it aflected the galvanometer 
in the least.* Senebier states that on one occasion, when con- 
fining an Arum in oxygen gas, it gave out light as well as heat. A 
fragment of a plant sent from the Madras Presidency, under the 
name of Cardiospermum, is said to be luminous. It was discovered 
in the jungle, and is said to cast a blaze of i)hosphoric light over 
all the grass in the vicinity. It has been celebrated by Indian 
writers. Lindley states that the dried fragment when moistened re- 
gained its phosphorescent appearance, shining in the dark like a dead 
fish or similar putrefying substance. The fragment became lustreless 
when dry, and acquired luminosity again when a moistened cloth was 
applied to its surface for an hour or two. Lindley thinks that it is 
the rhizome of some endogen with equitant leaves, and that it may 
perhaps be part of a Cymbidium or Eulophia, or a Marica. The 
rhizome of a grass called Anthesteria anathei a is occasionally luminous 
by night in India dining the rainy season. Other Grasses, as Andropogon 
contortiis and Iwaruncusa, are reported to possess the same property .j- 
1015. Elpciricity of Plants , — Some observations have been made 
relative to the electricity of idants, which may be refeiTcd to at tills 
place. Pouillet stated that electricity was developed during the 
ordinary process of growth in vegetables. Several pots filled with 
earth, and containing different seeds, were placed on an insulated stand 
in a chamber, the air of which was kept dry by quicklime. The stand 
was placed in connection with a condensing electrometer. At first 
no electric disturbance was manifested ; but the seeds had scarcely 
sprouted when signs of it were evident ; and when the young plants 
were in a complete state of growth they separated the gold leaves of 
the electrometer half an inch from each other. The eadialation from 
leaves may be considered as a cause of the development of electricity, 
as well as the changes effected by leaves on the oxygen and carbonic 
acid of the atmosphere. Plants are considered as generally in a nega- 

* Martius, Rcise uacli Brazilien, i. 726. Meyen, ueber das Lonchtes des Meeres, in Nova Acta, 
xvi. Part 2, 138. 

+ Madden, in the Jonrn. of Agricult, and Hort. Soc. of India for 1860. 

For further remarks on the luminosity of {dants, consult Gesiur, dc Baris et Admirandis Plantis 
quee sivc quod noctu Inceant sive alius ob causas Lunariee dicuutur, Tiguri, 1666. Meyen, Neues 
Syst. der Fflanzen Physiol, ii. 192. Sehleideii, Principles of Botany— translated by Lankester, pp. 
642, 643, where numerous bibliographical references are given. 

In the case of Dictnmnus Fraxinella, it is reported that in a still warm evening the resinous 
vapour given off by the plant is in such abundance as to take fire when a flame is applied to it. The 
■writer of the work entitled Garden Flowers says, that on a fine summer evening in June, before the 
twilight had commenced, he held a light about half an inch from the flower, when the vapour which it 
emitted took Are, and a beautiful blue flame ran over every part of the plant, which was about three 
feet high. It occupied half a minute in progress, and the plant was not injured. 
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tively electrical state. Dr. Graves thinks that in this way in tropical 
climates, where the siiperinciimhent atmosphere is rendered positively 
electrical by evaporation from the sea, the negative state of plants leads 
to thunder storms. Tt is said that the pith and bark, as well as the 
two extremities of fniits, are in opposite states of electricity, 

1016. Wartmann has made an extensive series of observations on 
the influence of atmospheric electricity, and that of the battery, in the 
development of plants ; on tlic influence of electricity on the circulation 
of the sap ; and on the electric currents existing in the soil and in plants. 
He states that there arc electric currents in almost all parts of plants ; 
that in the roots, stems, and branches, there exists a central descending 
current and a periplierical ascending one ; that there are also lateral 
currents between the pith and the cambium; that the electric state of 
the soil, and probably also the exhalation which takes place by the 
organs furnished with stomata, influences the electricity of the atmos- 
phere around.^ lloc(pierel says that in the act of vegetation the earth 
accpiiri's continually an excess of positive electricity, the hark and })art 
of the wood an excess of negative electricity : that tlie leaves act like 
the gTe(‘n part of the parenchyma of the bark — that is to say, the sap 
which circulates in their tissues is negative with relation to the wood, 
to the pith, and to the earth, find positive with regard to the eam- 
himn ; that the electric effects observed in vegetables are due to 
chcmico-vital actions; and that the opposite electric states of vege- 
tables and the cartli give reason to think that, from the enormous 
vegetation in certain parts of the globe, they must exert some influenee 
on the electric phenomena of the atmosphere.*}- 

1017. Recapituhitioji of the ehief facts eonneeted with the tem])e- 
rat\irc and luminosity of plants : — 


1. During the peiiods of germination and flowering there is an evolution of heat ^ihich, 

in the case of nuniorouH germinating seeds placed together, and of numerous 
flo^^ers enclosed ^Mthin a large bract, is often very marked. 

2 . The heat in tliese instances depends on a cbemital action going on in the cells, and 

is accompanied with the evolution of carbonic acid, 
a The temperature of the central parts of the trunks of trees depends on that of the sap 
which is taken up by the roots, and which, owing to the bad conducting powers 
of the wood, parts with its heat very slowly. 

4. In cold weather the internal temperature of the trunks of trees is often liiglicr than 
that of the air, and in warm weather it is often lowei 
Evaporation has a decided influence on the temperature of plants, as by means of it 
there is often a rapid abstraction of calorie. 

C. The active growing parts of plants exhibit a moderate elevation of temperature, 
seldom exceeding F. above that of the air; this is called by Dutrochetf he vital 
or proper heat of plants. 

* Wartmann Notes sui Ics Courants Ilcctrjques qui existent dnus Us in IJibliothiiqHe 

Umveraelle de Gem'‘ve, Ixw. Suppl. p 301. ZanUdeschi, sur I'Jnflucnce Mutuclle du Magnttisme 
ct des futions Chimiquts, in Jbbliotlu'quc Univ. de Gent\e, xliii 22 

t Betquercl, sui hs Causes du l)(;gn}?ement de i*Eleitiicild dans les Vd>i:<jtdux— * Coraptes lltndus, 
wxi. 033. Electro- Physiologie, m Comptes Rendus, \xmi 057 See also Beitlioloii, sui I’Electncifd 
d Vej^dtauv 
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7. It attains a (luotidiau maximum, the period varying between the hours of 10 a.w. 
and 3 r.M. 

H. Meteorological influences and organic actions aflect the temperature of plants. 

9. Some plants have a luminous appearance in certain circumstances. 

10. This luminosity is very evident in the case of some Fungi, in which the light is of a 

bluish tint. 

11. The phosphorescence of Fungi has been referred to chemical changes connected with 

the absorption of oxygen and its combination with carbon. 

12. Certain luminous appearances have been traced to optical effects on the retina ; this 

is especially the case with some Mosses. 

13. Intermittent liglit is rc]>ortcd to have been emitted by some orange-coloured flowers 

in calm warm evenings. 

14. There are great doubts as to the nature of this light, anrl many authors consider it 

as an optical illusion. 

IT). The milky sap of some plants has exhibited luminosity at a high temperature. 

16. The rhizomes of some endogens of warm countries have also been found luminous. 

17. The electrical phenomena exhibited bj' ]»lants arc very obscure, and the statements 

in regard to them are vague and unsatisfactory. 

18. A disturbance of electrical equilibrium is said to take place during the growth of 

plants. 

19. Plants are considered generally as in a negatively electric state, but opposite states 

arc said to occur in different parts of the same* plant. 

29. Llectric currents of an ascending and descending nature are mentioned by .some 
as occurring in plants. 



CHATTEH XITl. 

VEGETABLE NOSOLOGY, OB THE DISEASES AND INJURIES 

OF PLANTS. 

1018. li would be difficult to name any department of vegetable 
physiology coneernin^^ which so little is ])osi(ively known, even to those 
most conversant v itli sucli m.atters, as the nature of the diseases to 
which plants arc liable. The imiid)er of writinji^s on the subj<‘ct is 
inconsi(lerablc, and the iiiformalion afforded by them still more so. 
The subject, nevertheless, is one of great importance. It is intimately 
connect(‘d with the prosperity of our forests and the productiveness of 
agricidturc, Tlants, like all other organized bodies, are subject to a 
great many accidents and diseases. The most common causes of 
disease are iin])rop(‘r soils, ungenial climates, frosts, long continued 
rains, great drought, violent storms, parasitic plants, insects, and 
wounds of various kinds. 

lOli). According to Schlciden, plants in a state of high cultivation 
are all more or less in a condition predisj)osed to disease. There is 
an unnatural and excessive dtwelopment of particular structures or 
particular substances, and thus, the ecpiilibriuin being destroyed, the 
plants are liable to suffer from injurious external iiitluences. The 
general morbid condition produced by cultivation is heightened into 
specific ])redisposition to disease when the conditions of cultivation are 
opjjosed too strongly or too suddenly to those of nature; as A\hen 
natives of light or sandy soils, such as the Oat or Potato, are planted 
in heavy land ; or when Wlicat, Kye, or Barley are sown in land 
the first year after it has been manured ; or when the climate is very 
unlike the original one of the plant, as in the case of Maize in most 
parts of Europe. The outward forms of diseases are sufficiently 
known, hut the internal appearances are less understood, and for their 
proper apprehension they require a knowledge of vegetable anatomy. 
The characters are essentially similar in all living vegetable cells. 
There is a wall or membrane, composed of cellulose, lined by a viscid 
layer (the primordial utricle), composed of an albuminous matter 
abounding in nitrogen ; the cavity of the cell is filled with watery 
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juice, containing little nitrogenous matter, but having all the other 
compounds, such as gum, sugar, vegetable acids, inorganic salts, dis- 
solved in it. The chemical force of the plant appears to reside in the 
nitrogenous layer ; all growth depends upon it, and it docs not disap- 
pear until the cell-wall has become properly develoi)ed. When 
diseased plants are examined in the early stage, the first morbid 
appearance occurs in the nitrogenous layer, which becomes discoloured, 
coagulated, and granular, and the disease then extends to the cellular 
wall. 

1020. The diseases of plants may be divided in the following 
^ay : — 1. Diseases which are caused by an excess or deficiency of 
those agents which are necessary for the vigorous growth of plants; 
such as soil, light, heat, air, and moisture. 2. Tliose whicJ) are either 
originally caused, or, at all events, aggravated and modified by the 
attacks of parasites, more particularly belonging to the natural order 
Fungi. 3. Those due to the action of ])()isons, either taken up from 
the soil or from the atiuospliere. 4. Those caused by mecliauical 
injuries of different kinds, as by the attacks of animals, more particu- 
larly insects. Diseases caused by changes in the atmosphere are 
often epidemic, and spread over extensive districts of country. Those 
wdiich are due to parasitic Fungi are propagated by contagion — the 
minute spores being carried by the winds. Exciting causes operate 
wdth great iritensity in cases wdicre plants are previously predisposed to 
disease. Thus, if a plant is in an enfeebled or WTak condition, it is 
very liable to suffer hotli from e])idemic and contagious diseases. 

1021. The cryj)togamic diseases of plants must be considered con- 
tagious, since they are produced by the contact of one portion of organic 
matt(*r with another. The contact of diseased cells produces disease 
in healthy cells. I’hus, if a healthy plant of C’actus be inoculated 
with some of the fluid from a plant affected with moist gangrene, 
diseased action will immediately commence and extend more or less 
rapidly. The action is aiialagous to what takes place wdth ferment 
when introduced into a saccharine Ihpiid. The liability of the plant to 
the development of ej)ideinic disease is produced by the state of the 
atmosphere as regards moisture, the prevalence of hot or cold weather, 
the amount of light, and probably the electrical condition of the air and 
earth. The natural decay of plants also renders them liable to attacks 
of Fungi, &c. Thus leaves before they fall are often affected. The 
trunk and branches of a tree become most frequently gangrenous 
when they have attained maturity. Soft fruits, as Apples, Pears, 
Oranges, Melons, and Grapes, are more exposed to the attacks of 
disease the riper they get. Ripe fruit is already entering into a state 
of decay, and this process is hastened by the introduction of the seeds 
of Fungi, or of the cells of diseased tissue. Most epidemic diseases 
may be averted by keeping plants properly exposed to light, air, and 
moisture. 

1022. Many of the causes we have noticed may operate together 
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in producing disciiM*. IT, iVoin defect of nonriKiiment in the soil, a 
plant is stunted or weak, it becomes predisposed to disease, and is vei^ 
liable to the attacks of parasites. A sudden frost coming on in spring, 
after the sap has begin i to flow, causes severe injury, and either kills 
the plant or renders it liable to disease. This occnn’cnce is common 
in Britain, and is the cause u by many half-hardy exotics require to be 
covered or kc])! in a dormant state until the season has advanced be- 
yond the risk of frost. Many such plants grown on a wall with a 
southern exjiosure are stimulated by the beat of a line day in early 
spring, and are thus unable to resist later frosts. Warm sun during 
the day, and frost at night, have proved latal to many exotics intro- 
duced into Britain. IMants are fitted by their constitution for diffe- 
rent climates. Some uill bear a gi’eat range of temperature without 
injury ; others can only bear a limited one. Some reipiire a hot 
summer and a cold winter ; others require a medium summer and a 
moderate winter. 

1023 . It has often been stated that tender exotics may by long 
cultivation be made to bear the climate of Britain. It has been 
thought that they ma}' become accustomed to it by degrees, and thus 
be acclimatized. Some have even hinted that by sowing the seeds of 
Rueli plants, in tlie first instance, in a warm tenqu-rate region, then 
eollecling the seeds produced by the jdants, and sowing them in colder 
districts, the species may be nmdered hardy. We are constantly told 
tljat ])lants wliich, when first introduced into Britain, W’cre put into 
stoves and greenhouses, are now growing in the open border freely, 
and tliat they can stand a climate wliieh they could not do at first. 
Snell statements do not rest on a sound basis ; each s|)i‘ei(‘s of plant 
bears a certain range of temperature, and we cannot extend its natural 
limits, 'flu* plants said to be acclimatized w^ere not tried in llie open 
air when lii-st introduced, otlierwise they would have been found to be 
hardy, witliont any previous process of enltivaiion in gi’(*enliouses. 
The well known sbnib Ancnba japouica was treated in a stove wdi(*n 
first introdimed, and w^as afterwards planted out, and found to stand our 
climate. This was not an instance of acclimatizing, but indicated an 
error regarding the constitution of the ])lant which w^as bronglit from the 
colder parts of Japan, and was capable of enduring the cold of tins 
climate naturally. Man did nothing in the way of clianging its consti- 
tution and powers of endnranee. A plant called Aijonogeton distachynm 
flowers freely in the oi)en pond of the Ediiibnigli Botanic fTarden. 
This plant was introduced from Soutiiern Africa, and was at first 
grown in stoves. A specimen was accidentally thrown into the garden 
pond many years ago, and there it has contimu‘d to thrive ever since, 
flowering during almost the whole year. The roots of the plant are 
deep in the water, and the pond is supplied by springs.*' Had it been 


* In tlu- {ifrowth of aquatics ailention must be paid not nicrtlj to the tempc'vaturo of the gui- 
1 oundiuj; air, bul also to tlmt of the water in the poiuK In tin case oi Unbaidia adhioplca and 
Aponogtton (lista< iini, plants of warm countiies grow in our pf'iids, farts are wantinc: as to 
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j)iii iuLo ihc jxmd when first introduced, the saiue result would have 
followed. We are too apt to suppose that plants coruiug from conn* 
tries called hoi, must necessarily be stove plants ; not reflecting that 
they may have grown in very elevated and cold regions in these 
countries. Such is the case with many species introduced from Chili, 
Nepal, and Japan. There is no evidence that plants long cultivated in 
this country are able to Avithstand our winter cold better than formerly. 
The Dahlia, the Heliotrope, and the Potato, are afll*cted in the same 
way by frost as when they were first introduced. Long cultivation has 
done nothing to increase their hardiness. When we consider that the 
great risk in this country is the accession of frost after a few genial days 
or weeks of spring, we may do something for tlie preservation of half- 
liardy plants by planting them in such localities and soils as to prevent 
them from being stimulated too easily, and from being attacked by frost 
when full of sap. We can })ut tender ])lants on elevated situations, not 
(‘xposed to the direct rays of the sun, and on well drained soils, and thus 
prevent much injury. Hardiness, as we have already seen, may also be 
imparted by hybridizing and grafting. Tender trees oi* shrubs grown 
in warm and moist vall(‘ys, exposed to the sun’s rays, are often injured 
by spring frosts. It is of great ijn])ortanc(‘ to detine accurately when a 
plant may be said to suit a particular climate. It is not enough that 
it lives and sends out leaves, it muM also bi‘ able to produce flowers 
and seeds, and to elaborate tlio peculiar secretions and products on 
wdiicli its ({ualities de])end. ’J’he seeds of the Indian Hem]) have been 
transmitted to this country, and the plants have growui w'ell, even to 
the lj(‘ight of ten feet with thick stems, vigorous leaves, and abundance 
ot flow^ers f but they did not produce llie churrns or resinous matter 
which renders tJjo plant valuable in India as a medicinal agent. The 
summer heat w^as wauling to enable the 2)lant to perform all its func- 
tions. Such is also tlie case Avith lUiubarb, which, as regards the size 
and vigour of the plant, tlirives well in this climate, but the root does 


1 heir luibits 111 their native cliiiu'. anil it would uppear probable that iii those instaiicos in which 
they have been .snrei'ssfully cultivated m JJntain, tlieir rooth and the lower part of their stems have 
been exposed to the influeiioe of springs of a higher teinpcrjilurc than that wliich nsnully occurs in 
the ponds of this country. This view is conhrmetl by the circuiu*'taiiees connected with the growth 
of Aponogeton distachyum in the lOduibuj-gii Botanic Garden. Mr. M‘Nah has suppUed us with the 
tollowing particulars 

“ The Aponogeton distachyum was long cultivated in the Edinburgh Botanic Garden as a 8to^e 
aquatic, in wliich hituatJon it grew fieely and tlonore<l jirofusoly. It was also long treated In the 
green-houflp aquarium, where it attained the same state of perfection as ii did in the stove-house. 

“ About the year m2S, the large water-trough contain iiig the Aponogeton was sunk into the 
west end of the open pond to a depth of three leet, where the plant has continued to thrive vigorously 
every yeai since, considerable imtchcs (some eight feet in diameter) being semi in various parts of the 
pond. 

‘‘ The depth of the pond varies from two to four feet, the bottom being wholly coated with mud, 
composed chiefly of decayed vegetable mutter. It was originally paved with stones, each eight inches 
deep, and from four to Ove inches bioad, sand only being placed In the interstices, so as to allow the 
springs, which are very numerous, to rise freely botw'ecn them. 

“ Ihe Aponogeton generally flowers during eight or nine months in the year. In autumn it 
produces viviparous buds, which drop from the plant, and grow freely in the mud. During sever© 
winters, the leaves of the Aponogeton au* destroyed by the frost, but the roots have never been 
billed, nithongh the pond is freqnontU fto^on o\ei ” 
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not produce a medicinal agent of tbe same quality as that grown in 
Chinese Ta^tar}^ 

1024. Cold and bad soils are fruitful sources of disease. When 
plants are grown without the influence of light, they assume a white 
or yellowish aspect, thus becoming blanched or etiolated. In certain 
instances plants, even when exposed to light, present a pale and sickly 
hue, wdiich is often referiible to the nature of the soil, or to constitu- 
tional weakness. In many crops we observe plants having a pallid aspect 
owing to iingenial weather and damp soil in the first instance. The 
diseased slate thus induced is called by Berkeley chlorosis ; some have 
recommended for its removal ihe application of a weak solution of sul- 
phate of iron along with draining.* Plants, whose natural habitat is 
shady, become diseased when excess of light is supplied. Frosts, as well 
as excess of heat, render the stamens and pistils abortive. Spotting of 
the leaves, and canker of the stem, are often due to similar causes. 
When moisture is su 2 )plied in too great quantity, the jflants become 
dro 2 )sical ; and when tlie transjuration exceeds the absori)tion, the 
leaves often fall off. The dry and hot atmosphere of rooms often 
causes defoliation and disease in jdants. Excessive dcvelojmient of 
hairs is sometimes a consequence of growing plants in very dry air. 
Diseases caused by changes in the atmosjdicre are often epidemic, and 
attack large districts of country. 

1025. The influence of the sea breeze, carrying with it saline 
matter, is prejudicial to most jdants. Plantations are frequently in- 
jured from this cause. A good illustration is seen at (xosford, near 
Edinburgh, where the trees, on reaching the top of a wall, arc stopped 
in their growth by tbe sea breeze, and their lops form an inclined 
plane jiroceeding inwards from the wall as a base. Some plants with- 
stand tl)is ijitlnence l)etter than others. The following trees, shrubs, 
and herbs, have been rcc<;mnieiided as withstanding llie sea air : — 


Acer Psendo-Platanus. 
Pinus Strobus. 

Pinea. 

Cemhra. 

Pinaster. 

Qucrcus Ilex. 

Pyrus Aria. 

Tlippophae rhamnoides. 

conferta. 

Tamarix gallica. 

germanica. 

Pyrus japonica. 
Leycesteria formosa. 


Spirsoa salicifolia. 
Colutea cruenta. 
Samhucub raceniosa. 
Coronilla Kmerus. 

varia. 

Statice latifolia. 

tartarica. 

Anneria, various Ppecies. 
Lathyrus grandiflorus. 
Saxifraga cordata. 

crassifolia, 

Iberis sempervirens. 


1026. Trees are sometimes destroyed or injured by external causes, 
such as by strong winds, severe storms, and electricity. The cflects 

* Berkeley, on Chloiofiis in Plants, in Moi ton’s C><lnpfedia. 
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of lightning on trees is occasionally remarkable. The largest trunks 
are split into pieces. This was well seen in the case of a fine Oak at 
Edmonstone, near Edinburgh, which was stmck by lightning in the 
summer of 1849. The tmnk was shivered to pieces, and large por- 
tions were thrown to a considerable distance. Martins thinks that the 
splitting of trees into shreds in these instances dej)ends on the efiect 
of intense heat on the sap. The splitting takes place in various ways 
in different trees. In Oaks the cleav^e is Very perfect. I’he tree is 
divided into laths which are often thin and flexible, the direction of 
the cleavage corresponding to the medtillary rays. In Beech trees the 
cleavage is coarser than in Oaks. In Poplars the cleavage is perpen- 
dicular to the medullary rays. Kesinous trees, as Pines, Firs, and 
Larches, are not so liable to be cleft, probably from the nature of their 
non-conducting resinous matter, and from the small amount of sap. 
The Oak, Elm, Poplar, Beech, Holly, Horse-Chestnut, and Ash have 
been observed to be struck by lightning. 

1027. The attacks of parasitic Fungi cause extensive injury and 
disease in plants. Some think that the spores of Fungi coming into 
contact with the plant act both as the predisposing and exciting cause 
of disease; others, perha})S more correctly, think that some change is 
first produced in the cells of the plant, which enables the spores to 
find a nidus, and then ilie disease goes on ra])idly, assuming a peculiar 
type on account of the i)resence of the Fungus. In the same way 
as vegetabhi organisms found in diseases of the skin are not to be 
looked upon as the oi’igin of the disease, but as being developed in 
textures previously morbid, and as giving often a peculiar character to 
the disease.* ]\lany of tlie diseases of cultivated crops are attributed 
to Fungi. j" The spores of Fungi are very minute, and are constantly 
floating in the air. Tliey can easily be ap})lied to the surfaces of 
plants. When they find an a|)propriate soil they send out extensive 
filiform ramifications Avhieh sprt'ad under the epidermis of plants, raise 
blisters, and finally burst forth in the form of orange, brown, and 
black s})ots constituting the fructification. They attack the stem, 
leaves, flowers, and fruit. Different species are restricted to different 
plants, and even to different jiarts of the same plant, 'i'hc forms 

* This subject has been already noticed under {termination (p. 035). Tor furtiicr particulars ns 
to the cfiects of iungi and other cellular plants on disea.ses, and the nature of Dntophjtcs prowing 
on livinp orpanisnis, the student m:»y consult Dcslonpsclianips on Crj ptopninics on the internal 
surface of Uio air-cclls in ihe cidcr-dnek, in Oomptes Rcmlus, ISll, p 1110 . Annals of Nat Hist, 
viii. 221). Muller, on Tuiipi in tlu* Limps of Birds, Arcliiv. lKt2, p. 108. riulo.sopiiical Maira/ine lor 
18,)3. ii. 74. Annals of Nnl. Hist. lx. 131. Hannover, on Kntoph.itcs of Alucuu^ Mciiibrancs, in 
Muller Arcliiv. for 1812 p. 2S1. Gruhy, on rompophjtcs, in Mullur Arclnv. for 1842, {>. 22, and in 
Coinptes licndus for 1813, xi, 301. Stilling, on a (.'oulagious Confervoid (Jrowtli on Living l'’ro{fs, in 
Muller Arcliiv. for 1841, p 270. Goodsir, on Achyla prolifcia on Gold-fish, in Ann. Nat. Hist. ix. 
833. Remarks on Entoplijtes, In hay Soc. Reports for 1845, p. 417-4;’.2. See also reference in 
note at page 

+ See llenslow, Report on tlie Diseases of Wheat, in Journ. Acricult. Soc. of England, II. 1. 
Sidney, on the I’arasitic Kungi of tlie British Farm, in Ibid. x. 382. Bhilippor, Trait<5 Organo- 
graphique et Fhysiologico-Agricolo sur la Curie, le Chorbon, I’Erpot, la Kouillc, et autres maladies du 
rnftine genre qui ravagent les Cfirdales, Versailles, 1837. Graham, on the Injuries sustained by Plants 
from the attacks of Parasitic Fungi, in Joum. Eng. Agric. Soc. xi. 413. 
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which the same Fungujs assumes seem to vary sometimes, accordiug to 
the plant on which it grows. 

1028. The disease called Bunt, Smut balls, or l^epper-brand, is oc- 
casioned by the plant called LTredo Caries by I)e Candolle, and Uredo 
foetida by Bauer. It attacks the grains of Wheat, and may be de- 
tected in them in their earliest state. It is represented in Figure 
1301. It consists of extremely minute globules of a dark colour, at 
first attached to a thread-like matter or myceliunx. Bauer estimates 
the diameter of each of the globules at 1-lGOOth of an inch, and con- 
sequently a grain of Wheat (reckoned at less than l-lOOOth of a cubic 
inch) would contain four millions such spores.^ The spores or powdery 
matter has a disgusting odour ; hence the specific nain<‘ given to it. 
The disease is propagated by contact. Steeping the grain is recom- 
mended by some as a means of prevention, and alkaline solutions b€av(‘ 
been suggested as a remedy. Uredo linearis, which is met with also 
in this disease, is considered as being a young state of tl)e Milde>\ 
plant. 

1029. Another disease, called Smut or Uusl-braiid, is caused by 
a Fungus called Uredo segetuiu. It resembles the Bunt Fungus in 
eolour and shai>e, but its spores are not li.ilf so large, and it does not 
possess a fetid odour. f This Fungus deslroys tlic ear of (^)rn by firsl 
causing the innermost parts of the flouer 1o l)cc()mc aborlive, while 
the pedicels on which these are scjited swell and become very fleshy. 
The Fungus then consumes the whole of this fleshy mass, and at length 
ap])ears between the chaff scales itk the form of a bhu'k soot -like 
powder. It is said also to attack the stem and leaves. When ripe, 
the spores burst tlirougb the epidermis, and are dispersed in tlie form 
of a black powder like ebareoal. The spore is l-2S0()th of an inch in 
diameter. Smut is rare in Wheat, it is common in lharley, and moix* 
so in Oats. It is also seen in many grains, such as Arrheiiatherum 
avenaceum. 

1030. The disease denominated Itust, Ked-rag, lled-rohin, and 
Ked-gum, is caused by a Fungus called Uredo Bubigo (Fi g. 1302). 
It forms yellow and browm oval si>otR and l)lotclies upon the stem, leaf, 
and chaff. The spores burst through the epidermis, and ai*e dispersed 
as very minute grains. The disease is eoininon in C\)rn and in 
Grasses. Mildew is a disease caused by a Fungus dcmoininated Puc- 
cirda graminis (Fig. 1303). '^Ilie ripe s])or(*-eas(*s of tliis plant are 
small dark brown club-shaped bodies, their thiekcT end being divided 
into two chambers, each filled vitb minute spores, and tlieir lower end 
tapering into a fine stalk. The sori or clusters of spore-cases burst 
through the eindcrmis sometimes in vast numbers. Hie minute 

* See I’igurc by Bauer, in Penny Magazine for 1833, j). 12(). 

+ See Figure by Bauer, in Penny Magazine for 18.33, p. J80. Sec also iitongniart, sur lo U^ve- 
loppement du Chnrbon {Uredo segelnm), dans les (Jraininfes, in Ann. dcs Sc. Nat. Ist ser, xx. 171. 

t Banks, on Blight, Mildew, and Rust of Corn, with liguies ?)y Bauer, in Annals of Botany, 
ii 61 ; also Nicholson’s Journal, x. 225. Ilcnslow, on the Siiccific Identity of Fungi producing Bust 
and Mildew, in Joum Eng Agric. Soc. li 22. Ltunbort, on Blight of Wheat, in Linn I'rans Iv 
H>3 Kirby, on certain Fungi which arc parasites of the Wheat, in linn Tians v 112 
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spores seem to enter the plant by the stomata. Some think that thoy^ 
as well as other minute spores, are absorbed by tlje roots. The disease 
attacks. Wlieat. Spring Wheat is less liable to tliis disease than winter 
Wheat, and lieavy soils arc less subject to it than light ones. Many 
have snpj)osed that the Barberry is in some way connected with tlie 
production of Mildew. This idea has been proved to be erroneous by 
the experiments of Staudinger, near Hamburg, and of Homemann, at 
C]o])onliageu. Unger entertains the idea that Blight, Mildew, and 
Smut are to be considered as Exanthematous diseases of plants, caused 
by the spores of Fungi entering the stomata.* 

1031. Ihmslow has shown by experiment, that if the diseased 
seeds of Wheat be steeped in a solution of suljdiatc of copper, they will 
not ])roduce diseased grain, and that the sulphate of copper does no 
injury to their germination. The solution used is one ounce of sul- 
jdiate of co})i)er to a gallon of water for every bushel of Wheat, drain 
also steej>ed in hot water did not reproduce these fungoid diseases. In 
Easl-Lothian, villi the viev of preventing Hmut, seed Wheat is often 




Figc. 180.S. 


steeped in stale urine, and afterwards some newly slaked lime sifled 
on it. Sometimes a solution ot salt is used as a pickle. Fourcroy and 
Vau(iueliu ascertained by analysis that blighted Wheat contained an 
acrid oil, jiutrid gluten, charcoal, phosphoric acid, phosphate of am- 
monia and magnesia, phosphate of lime, and no traces of starch.f As 
regards Bunt or J*epper- brand, Ilenslow remarks, that upon simply im- 
mersing tlie grain in water, the infecte<l seeds float, and on the water 
being poured off nothing but the sound ones remain in the vessel. 
This simple iiroccss of se2)aration is not, liowever, perfectly effective, 
because in thrashing the Wlieat, many of the infected grains are crushed, 


liiOl The Funpus redo Cartes or I redo forttda) which causoR the (li‘.oase called Bunt, 
Smutbain, or Tcppcr-bnuid. It consists of dark globules attached to a thread-like iiiyceliuiu. 

I'ig Fungus ( Credo Uuhu/o) whuh Is met w'lth in the disease called Rust oi Red-gum It 
forms jellow oi brow'u oval ‘pots upon diflcient p.uts of plants. 

Fig. lUOJk Fungus {Cuecuua ymminh) whidi is lound in tlie disease called Mildew It consist*^ 
of daik-browii club-shaptd bodies, the tlikkor end of whidi is dhiilcd into two cavities hllcd with 
sjiorcs. 


* Unger, Die F.xaulhonic dcr Pflnuzen und eiiiige mit diesen veiwaudtc Krankheiten dei 
Gewachso,Vicune, 1833; also Aim des Sc Nat 2d scr. Rot. ii 193. 

^ Fourcroy et Vauquelin, do In Naturo (’bimique du Blc Carlo, in Aunalos du Museum •s i 332 
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and the spores are dispersed in the form of fine powder, which adheres 
obstinately to the sound grains by means of an oily or greasy matter 
found in the Fimgi. In order to detach them thorouglily, it has been 
considered useful to add some jilkaline ley to the water in which they 
are washed. The alkali unites with the oil, and forms a soapy matter. 
Lime has been used for this purpose ; common potash, substances con- 
taining ammonia, and the Ihpiid from stable-dung, have also been em- 
ployed. Other matters, as sulphate of coi)per, act by destroying the 
vegetating i)owers of the Fungi. 

1032. Ml’. Ellis of Barmiiig, Kent, says, that the invariable pre- 
vention of 8mut in Wheat is accomplished by scalding the blackest 
Wheat in boiling water, and afterwards drying it with lime. The 
Wheat placed in a colander or in a basket, is immersed in boiling 
water for a few seconds, just long enough to wet it completely ; it is 
then immediately dijijied in cold water, afterwards dried with lime, 
mixed with the other Wheat, and souii. By this means the Wheat 
was always found to be cured of Smut, while the vegetating principle 
was uninjured; great care being taken that the water vas boiling, 
and the Wheat taken out of the ufiter tis soon as completely wetted. 
Mr. Ellis tried an exjierimeiit on a buslud of the blackest Wheat he 
could procure, which he divided in 16 equal parts, b(A\ing them all 
the same day, but with different treatment. The result at harvest 
was, that the Wlieat sown vdthout prej)arati()n j>roduced 33 black ears 
out of every 100, while that dipped in the boiling water and limed, 
liad not a black ear in several thousands which were examined. 

1033. Many other species of Uredo, as well as Ilstilago, give rise 
to diseases. They receive th(‘ir names from tlie plants on which they 
are parasitic, and it seems })rol){ible that th(‘ same species presents 
various forms according to the situation in wliicli it grows.* Ustilago 


Maydis, or Maize 8mnt, is a Fungus which gives rise to protube- 
rances on different parts of the Maize. The sleni, iippei’ leaves, and 
especially the bracts, become immensely sw’ollen when attacked by 
ibis disease, and the ovaries, ovules, and male blossoms are not exempt. 
The parts affected are at first white, tinged with ]cd, smooth and 
juicy. The cellular tissue increases in volume, and is permeated by 
radiating lines consisting of mycelium and sj)()n*.s. The spores are 



twice as large in linear measure as those of the Oat-Smut. 
At first the small balls contain a dai’k strong-smelling 
fluid, but ultimately the masses become dry, and present 
a quantity of dark dust mixed with irregular tlireads. 
Ustilago vittata causes disease iu grasses iu India. 'J'he 


FiK. 1304. spores of Ustilago bypodytes (Fig. 1304), also cause 


disease in grasses. The spores are black and round, and the disease 


Fig. 1304. Spojos of a Fungns (Usttlago hypodyies) which causes disease in glasses. Tlie spores 
are black and round, and are sometimes produced in great ubundnnrc in hay lields in trance. 


lulasne, sur leg Ustilaginecs ct les Ui^dineos, in Ann. des Sc. Nat. 3d ber. Dot. vii. 12. 
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they occasion is denominated Grass-Smiit. The plant is described by 
Tulasne. According to Leveille, the immense quantity of black 
dust resulting from it in the hay fields of France produces injurious 
effects on haymakers. 

1034. A S 2 >ecies of Depazea or Septoria sometimes produces dis- 
ease in the knots of the Wheat. Various species of Erysi 2 )he, such as 
E. guttata, i)enicellata, graminis, adunca, and bicornis, give rise to 
kinds of mildew. Erysi^dies are often met with in common Pea 
crops. Some say that Oidiums are merely particular states of Erysiphes. 
The plant producing mildew in the Vine, is Oidium Tuckeri of Berkeley. 
Other s])ccies of Oidium probably cause mildew in the Peach, Rose, 
Hop, Pea, and Onion. For destroying the mildew in Vines, sul- 
j)hur is recommended to be dusted on them. Rome also use a 
solution of hydro-sulphate of lime made by boiling sulj^hur and lime 
in w^ater. A Fungus called Rhizoctonia Mali, is said to grow on 
the roots of Apjdes, Pears, and Quinces, and to cause destruction to 
the trees. 

1035. Ergot is a monstrous state of the gi’ain, in which the en- 
larged and diseased ovary ])r()trudes in a curved form resembling a 
cock’s spur ; hence the name from the PVench ergot^ meaning a spur. 
The ovaiy is black externally, si)ongy internally, and contains much 
oily matter. Rome coiihider it as j)roduced by the attack of a Fungus, 
which induces a diseased condition in tlie ovarian cells. The disease 
is usually met with in Rye, and the name of Sjmrred Rye is a 2 )plied 
to it. It sometimes occurs in Wheat and in Barley, and it has also 
been noticed in Lolinm 2 )ercnne and L. arvcnse, P'estuca ])ratensis, 
Phlciim pratenso, Dactylis glomerata, Anthoxanthum odoratum, Pha- 
laris arnndinacea, and Al()j)ecurns agrestis. Ergot consists of a very 
dense tissue formed by 2 )(>lygonal cells united intimately with one 
another, and filled with an oily tlnid. It is develo 2 )ed in the unim- 
pregnated ovule of Rye; for although extrenudy dilated by the ento- 
phyte, and rendered difficult of recognition, the integuments of the 
ovule increase without completely losing the form wdiich they would 
have assumed if they had grown into a true gi’aiii, imitating in this 
res 2 )ect the ovaries of Wheat, in which Tilletia Caries (Bunt) has re- 
jdaced the seed. The solid mass uhich has been called Rclerotium 
Clavus by l)e C\'indollc, and the filamentous jKu-tion called Rphacelia, 
by Leveille and F'ee, and Ergotadia by Quckett, are only, properly 
speaking, organs of vegetation. The Fungus destined to grow from 
this aj)paratu8 is an elegant Rphajria, pi-obably that called by hVics 
Cordyliceps i>ur 2 )iirea. This plant has been seen by Schumacher in 
diseased cereal grains, and it has been detected by Roussel in Rclero- 
tium Clavus growing on Bromus sylvaticus, and Arundo Calamagrostis, 
and by Dumeril in Ergot of Rye. Tulasne has shown, that this 
Cordyliceps is produced from the Ergot wdien it is allowed to vegetate. 
Ergot of Grasses and Ergot of Cyperaceic, according to Tulasne, do 
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not belong to the same vegetable species."^ Hyc affected with thib 
disease, when used as bread, is very prcjndieifd. The Abbe l\*ssier 
showed that Ergot caused gangrene in animals fed on it, and many 
instances are recorded of gangrene of the extremities occurring in per- 
sons who had lived on diseased Kye. Ergot is said to prevail in Rye 
grown on wet and stiff land.-j- 

1030. The disease nhicli has recently attacked the Potato in 
various parts of the world, is by many attributed to the attack of 
Euiigi. This view has been strongly advocated by Berkeley, J >vho 
describes the Fungus as B( dry t is infest ans (Fig. 1305). The spores 
are feup[)osed to enter the stomata, and to cause disease in the leaves 
in the first instance, whicii afterwards extends to the tubcrs.§ The 
effects ]jrodueed on the leaves resendded much those caused by poison- 
ous gases, such as hydrochloric, sulphiiroUvS, and nitric acids (p. 478). 

Berkeley attributes the ]\)tato disease entirely to 
Fungi. He states that th(‘ disease commenced 
in the leaves. They w er(‘ at tacked by tlie Mould, 
which ran its course in a few' Iiours, and from the 
rapidity c»f the action the p(*riod for examination 
of the leaves was often [)assed ovei. The Fungus 
generat(‘d does not live on decayed or decaying 
matter, but is one which produces decay, and 
rend(Ts the jdants unhealthy. The Fungus 
acts by feeding on th(‘ juices of plants, prevent- 
ing the elaboration of the saj) in the leaves, 
obstmeting the admission of air and tlie emission of transpired fluids. 
'J'he stem is thus overcharged with moisture, and ultimately rots, 
while every source of nutriment is cut off from the half-ri])e tubers. 
The atmospheric conditions during the late disease made the Fungus 
spread rapidly. 

1037. While Lliere is no doubt that the Botrytis is developed in the 
progress of the Potato disease, the question arises whether or not it is 
the originating cause. 'Jdic view' which seems to be most consonant 
wdth the phenomena is, that changes are induced iu the cells of the 

Fig. 1305. Fungus (/Jo/riyO# l(.i\c3of Potiitoes, and m I nch is 

supposed by lioikcley, Morieii, and 'lownlp>, to be tbe original Cfiufec of ibr late Potato disease. The 
Fungus IB reprcsinlcd spreading tbiough tlu* substance ot the leaf by mcaiia of its mycelium, 
wliicli],8fTid8 up, through the UmI, Iructifuation biMiing iiumiioin hpotts. 

♦ Tulasne on the Ergot of llyc, Sclciotium Clavus, m Comptis ilendus for Dtc 8, 1851 and in 
\nn. Nat llist. 2d ser. ix. 494 

+ For irni.irkB on Ergot, sec Fontana, sur I’Eigol, in Jomn. rh* Plijsiquc, \ii. 12 Tissjcr siir les 
Maladies des Graincs. Smith on Ergot, in Linn liaiis. win. 3. 

i llerkeley on the Potato disease, in Jouiii. ol Hoit. Soc of London, 1810 

^ Morren and Townley also adopt the I ungus-\icw of the I’ol.ito difaiase. The following is the de 
ficription of the llotiytis inlcstans of Montague — Mycelium or stinlt flocii lax, erect, ubite, inoic oi 
less branched at apex; branches every wheie knotted, eiei to- patent, sjioies lateial and terminal, 
solitary, ovold-clhptical, comparatively large, same colour as tissue, suh-npieulate, witli a giaiiular 
nucleus, llotrytis infestans has also been noticed lu the Toniiito, while Uotrytis parasitica lias 
been obBrr\ ed in Turnips Ueet-root and Carrots are liable to siniilar attacKs from species of llotrytis 
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Potato by cultivation, wliich render the leaves liable to dibease. At- 
mospheric influences are thus enabled to act upon them, so as to caus(‘ 
alterations in their cells ; and the attack of a Fungus such as the Bo- 
try tis accelerates tlie morbid action, and causes it to assume a peculiar 
form. Tn this way high cultivation, atmospheric influences, and Fungi, 
all contribute to cause the disease. In the Potato disease of 1845, 
Harting says that brown granular matter was deposited in the cells, 
first in those near the ej)idern)is, then the cellular walls lost their 
transparency, and the cellules could no longer be isolated by boiling 
water, next the cell-wall was destroyed, and small cavities were formed 
in tlie midst of the tissue, in which were agglomerated grains of starch, 
and finally ])arasitic organisms appeared in the cavities. The vege- 
table parasites developed w'ere Polyactis alba, Fiisis])oriuin Solani, 
F. didymum, F. caiididum, and Oidium violaceurn. When the dis- 
ease had advanced, insects were also present. 

lOdH. (hum attributed the disease of the tuliers of the Potato to 
rupture of the starch c(dls and mixture of their contents with nitroge- 
nous matter, thus causing fermentatioji as in the A 2 ) 2 )le and (Tra 2 )e.^ 
Solly objects to the Fungus tln'ory of I’otato disease. Tie says that 
decaying organic matter is necessary for the growtli of Fungi. He 
thinks tJiat the disease is cans(‘d l>y the presimce of 2 mtrifying azotized 
matter in the stein, just below the surface of the soil ; that this 
is carri(‘d to all ])aiis of the ])lant, causiss a struggle between vital 
and chemical foives, and induces decomjiosition by a 2 ^i’ocess of fer- 
mentation. 4die azotized matter, in a condition to act as ferment, is 
produced by the stat(‘ of the season, by deficiency of light, and by 
other meteorological causes. Anal}s<‘s show tliat the constituents of 
the diseased Potato undergo a ra])id and important change. Dr, Lyon 
lda 3 "fair and l\lr. Phillij)S found that the amount of albumen and glu- 
ten decreased from 2.34 in the sound Potato to .32 in the diseased, and 
when the disease ad\aiiced they finally disa 2 )j>eared. 

1039. ]\Iitschcrlich-J- sajs that the change which cellulose under- 
goes by tJ)(‘ action of a peculiar ferment is charaideristic of the sub- 
stance. 'Idiis fermenting agent is obtained vhen half- 2 )utnd Ihitatoes 
cut u]) into jiieces are jdaeed in water, with 2 )ortions of fresh Potatoes, 
and allowed to stand until the cells of the fr(*sh i^idions begin to be 
easily separable. It is also formed, though more slowly, w'hen fresh 
Potatoes, cut U2), are set aside, covered with W'ater ; the lK 2 uid is 
filtered, and fresh I’otatoes, cut in slices, added to it ; wdien these are 
decomposed, a 2 )ortion of the li( 2 uid nmy be treated with water, and 
more slices of Potato added, which soon become decomposed, and in 

* Ilassall UiiulvS, that the lapitl decay of many fruits, more especially lliosc of the Apple tiibc, is 
owing to the formation of Tungi in their interior. 'J liese 1 ungi appear in the fonn of ramilied filameiils 
passing in all dircetions between and aiound the cdlsol the paieucliyma ot the fiuit. They insinuate 
themselves between the cells of the pulp of the fiuit, de*dch them fiom tlicir connection with each 
other, destroy their vitality, and iiltniiately pioduce decomposition. 

•t Ann. der Cheni. und Ph.irm Ixw p. H(r>, Reports of the Rcilm Acad. Maiih 1850. ]» I 02 . 
Chemical Ga/ette 
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this manner increase the activity of the liquid. Hence, just as in the 
fermentation of an infusion of malt, the yeast, the fermentative Fungus, 
becomes augmented, so does the ferment increase. It only ads upon 
the cellulose, which forms the walls of the si arch-cells of the Potato ; 
first, the cells separate from each other, so that it furnishes us 
with a convenient means of obtaining the cells with their contents 
in an isolated state, and facilitating their examination ; the walls of 
the cells are subsequently also dissolved, and the starch particles 
fall out ; in this manner, in twenty-four hours, a slice of Potato is 
rendered so soft, to a depth of two lines, that this portion can be re- 
moved by a pair of forceps, the hard mass of the Potato lying beneath 
the softened layer ; so that this process takes ])lace successively from 
the outside towards the interior ; not by the whole of the Potato being 
simultaneously ))ermeated by the ferment to the innermost portion. 
Exactly the same process as that which we can produce sj)ontaneonsly, 
he says, occurs in the Potato disease, wdiich, during late years, has 
done so much mischief. In this also, the cellulose, and not the starch, 
is decomposed; and the liquid, which the author had kept for a long 
time ill contact with one of the diseased l^otaloes, iniinediately pro- 
duc(*d the decomjiositioii of a sound one. This decomposition is, there- 
fore, lie says, not the disease itself, hut merely the result of it. Its cause 
undouhtcdly depends upon the dying, or the previous death, of tlie 
entire plant ; and just as it is wtII know ii in the case of other plants, 
that they die w’lien the apices of their roots are too strongly cooled, so 
may a sudden cold rain, following a long warm w'inter, produce a 
similar condition of the Potato jdant. It is only after decay has com- 
menced that Fungi and insects attack the plant. 

1040. Liebig attributed the Potato disease to diininisbed or 
suppressed lraus})iration de})eiiding on tbe hygrometric slate of the 
atmosphere.* He refers to Hales' accurate researches in regard to the 
Hop-bliglit, in which the disease is traced to tbe w'ant of correspon- 
dence between absorption and transpiration, and a consequent stagna- 
tion and decomposition of tbe juices. The same thing, he thinks, 
takes place in the Potato in consequence of cold and an atmosphere 
loaded with moisture, and he show's that in 1845 and 1846, when the 
disease overran Europe, damp, cold, and rainy weather followed heat 
and drought, jnst at the period of the most luxuriant growth of the 
Potato. The vessels and cells became charged with fluids, owing to 
the checked transpiration ; there was stagnation of the sap and death. 
Fungi and putrefaction are, according to him, the consequences of the 
death of the plant. Klotzsch pr<)j)()ses to cheek the Potato disease by 
pinching off the extreme points of the branches and twdgs to the ex- 
tent of half an inch dowuiwards, when the plants have attained the 
height of six or nine inches above the soil, and lo repeat this on every 
branch and twig on the tenth or eleventh w^eek. This check to the 

* LiPbig on the Potato Blight, in his Researrhes on the Motion of the Jmcosin the Animal Body, p. 87 
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stem and branches, he thinks, will direct the nutrient matters in the 
direction of the increase and multiplication of subterranean as well as 
aerial branches. This leads to increased development of tubers, and 
Strengthens the leaves and stalks.*" Tombelle Lomba of Namur saj s 
that ho has saved Potatoes from disease by cutting off the stems, after 
flowering, with a very sharp sickle, and then covering the ground with 
earth to the depth of not less than one and a half inch. The top- 
dressing thus applied was not disturbed until the Potatoes were ripe. 
The haulm was removed after being cut. It is said that the tubers 
acquired a good size, and were of excellent quality. If those facts are 
true, it would ap])ear that, vhile leav(‘S are necessary to the develop- 
ment of tubers, the latter, on aecpiiriiig a certain size, can continue 
their growth by their own proper and unassisted vitality, 

1041. The general eonelusions to be drawn from all that has been 
said relative to the Potato disease are, that clianges are induced in the 
cells and vessels of the Potato by certain obscuin meteorological and 
epidemic causes, that an alteration takes place in the cellulose and in 
the contents of the cells, wdiich speedily leads to decay; that parasitic 
Fungi find a nidus in the decaying organic matter, so as to accelerate 
and give a character to the disease, and that as yet no remedy has 
been devised.f 

1012. Dry rot is a disease to wdiich the wood of trees is liable. 
It may be traced in the fii'st instance to some alteration in the w^oody 
tissue produc(*(l by moisture or other causes, and the subsequent deve- 
lojmient of a Fungus which spreads its mycelium through the tex.lure, 
and produces rapid disorgatiization. Trees growing in wet and ill- 
drained soil are subj(‘et to rot. The more abundant the alburnum or 
sap-w'ood, the more liable are trees to decay. The disease which has 
recently attacked the Larch is attributed by some to the roots reaching 
ungenial soil, and to the production of dry rot. This rot in the Larch 
begins in the heart- wood, near the root, and it spreads outwards ; 
layer after Layer crumbling like Staw-dust. Among the crumbling mass 
is to be found in abundance the mycelium of some Fungus. When 
the rot has reached the alburnum a thick leathery wdiite formation ap- 
pears between the bark and wood, which formation is identical with 
the appearances connected with dry rot. In dry rot the decay takes 
place in the first instance in the contents of the woody tubes, and thus 
a suitable soil is supplied for the spores of Fungi, such as Merulius 
lacrymans or vastator, and Polyporus destnictor. When these plants 
begin to grow, they spread their mycelium with great rapidity. If air 
is allowed to circulate freely around wood, dry rot does not attack it. 
But if it is placed in a damp situation without a circulation of air, 
then decay takes place. The spawn of the dry-rot Fungus deprives 

* Klotzsch in Appendix to Liebig’s UeseDicbes on tlie Juices of Animals, p. 102. 

+ For further remarks on tlie Potato Disease, see Report on this subject in the Transactions of the 
Highland Society for Octohei 1846, p 436, also Fromberg on the Potato Disease, m Journal of Agii- 
culture for July 1846, p .338 Martms on the Potato Epidemic (In German), Munich 184? 
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the woody tubes of their contents, for the purpose of getting the nou- 
rishment it requires, and the wood loses its consistency and toughness, 
the walls of tlic tubes becoming brittle, and mptured.* 

1043. Idle great cause of decay in wood is moisture. Wood in a 
dry state may be preservc<l for a long time, as may be seen in the case 
of wood in some old buildings as Westminster Hall. Saw-dust is 
wood in small pieces ; when wet it soon rots, but when dried thorough- 
ly it may be kept for an indefinite j)eriod. To have timber in the 
driest state, it ought to be felled between the fall of the leaf and the 
spring, tli(‘ nearer the former time tin* better. I’he timber of some trees 
is much more subject to decay than that of others. The wood of the 
Cypress is very durable.-i* A great error in building is painting w'ood 
early, and thus enclosing wdthin it the elements of decay by not allow- 
ing the escajie of moisture. In olden times the wood was left bare, and 
exposed to currents of air which kept it dry. Hence its durability. 
Such is the case with the roof of Westminster Hall, which dates from 
the time of Richard the Second, and still is sound. So also the 
wooden roof of York Minster, constructed in the thirteenth and four- 
teenth centuries ; also the timber of tlie Hos]>ilium, constructed about 
the same period iu the garden of the Yorkshire Pliilosophieal Society. 
Old doors Jind aneieut pews in village churclies owe their durability to 
the same causes, namely, thorougli drying by exposure to air without 
being covci'cd with paint or plaster. 

1044. Various means have b(‘en proposed for jjrevcnting timber from 
being attacked by dry rot. We have already alluded (p. 149) to 
Bou(ile^e^s metliod of causing growing trees to absorb fluids of diftereni 
kinds, wliicli he considered as acting on tJie contents of the woody tubes 
in such a way as to render them less lia])le to disease. The solutions Ik* 
employed were acetate of lead, pyrolignit^* of iron, and corrosive sub- 
limate. He also found that trees, immediately after being ent down, 
when their extremities w'(‘re immersed in these solutions, absorbed 
them with rapidit\. A tree having l)een sawn near the root, is placed 
in a horizontal position, and a cap of leather or wateiqn'oof cloth is 
tied firmly over the lower end, leaving a suflieient space for the solu- 
tion. 4hiis is introduced hy a fiexil)le tube luted to the leathern ca]>, 
and communicating with a barrel jdticed at some height above tJjc 
limber, so as to give the pressure of a column of six or eiglit feet. 
The liquid is put into the barrel. Tn this way twenty or forty gallons 
of the solution of acetate of lead may be made to filter tlirougb the pores 
of the wood. Mr. llyeti has adopted Boucherie's method, and has 
given colour!^ to timber by making the wood absorb in succession fluids. 


* Schwnbeon Ury Kot, in Linnjpa foi 1840, p liM Dr K Diikoon’s Lcrtiirc on Dry Ko< Ka\ 
society’s Keports foi 1845, Botany, p 84. S(e also C^uekett on tlio Drospnee oi u Funpiis in flu* 
intonoi of a livinj? Oak Tree, in Quart, .foinn o! MicroBrojiu al Science, i 7*2 Nacgcli on Kunf>^i m 
the interior of Plants, in Linnira, xvi. 28S. 

■1 Chests contfuniii" F^ 7 ptirtn Mummies Mcit nnidc ol t ^put,H The {catis oj St Petci’s at Home 
Hlneh hud lasted fiom the time of Constantine to tlial of Popt rmrem the loinlh » r IKH) veais, 
wero of C\ press, anfl h'd durinir lliut lime snfferert no driaA 
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which, by their combination, produced a coloured compound, such as 
ferrocyanuret of potassium and sulphate of iron. 

1045. Timber, after being cut, has been subjected to various pro- 
cesses for the purposes of rendering it durable. Kyanizing is per- 
formed by subjecting the wood to the action of corrosive sublimate, by 
means of which it is probable that the albuminous matter is coagu- 
lated, fermentation is prevented, and hence the wood is rendered less 
liable to decay and to the atttacks of Fungi. Kyan's solution is made 
to pass rapidly through wood in vacuo. Sir William Burnett found 
that the application of chloride of zinc to vegetable matters, such as 
wood and canvas, had the property of effectually guarding them 
against all the ordinary causes of destruction, without communicating 
any bad property to the substance prepared from it. Canvas so acted 
on was kept long in damp cellars, and exposed to various vicissitudes, 
without being injured, while ordinary canvas in similar circumstances 
became rotten. The process has received the name of Burnettizing. 
Burnett’s antiseptic solution, of one pound of chloride of zinc to five 
gallons of water, has been tried in Woolwich Dockyard with success. 

104G. Mr. Ikdhell uses creasote for the ju’eservation of wood. 
The creasote acts by coagulating the allmmen, and preventing putre- 
factive decomposition. Along with the creasote^ there are other j)ro- 
ducts of the distillation of coal tar, especially bituminous oils, which 
enter into the cells, and by surrounding the woody fibres, prevent the 
action of water and air. There are two methods pursued — 1. By 
placing the wood in a strong iron cylinder, exhausting the air from it 
by an air-puiu]), until a vacuum is prod\iced ecpial to about 12 lbs. on 
the square inch ; then the creasote is allowed to flow into the cylinder, 
and afterwai’ds pressure is put on the creasote by a force-pump equal 
to about 150 lbs. on a square inch. The limber is then taken out fit 
for use. 2. By placing the timber in a drying-house, and passing the 
products of the combustion of coal-tar through it. Thus the timber is 
dried rapidly, and impregnated to a certain extent with oily matter, 
and with the creasote given off from the fuel used to heat the house. 
The timber is then taken out, and immersed in hot creasote in an oi)en 
tank. A load of fir timber will absorb 40 galhms ; close-grained woods 
less. A cubic foot of Beech usually weighs 8 lbs. heavier after being 
so prepared. Creasote is said to prevent the decay of wood, and to 
stop the attacks of Teredo naval is. 

1047. Grangrene is a disease of pLants similar to what occurs in 
animal tissues. It is met with in leaves, fruits, and stems. Succu- 
lent parts are most liable to be attacked. It is divided into moist and 
dry gangrene ; the moist occurring in the succulent parts of plants, 
and the dry attacking the woody parts, as the stem of shrubs and 
trees. All forms of gangrene are sometimes called Canker ; but this 
term is more especially confined to a peculiar disease of the bark and 
stem of Apple and Pear-trees. Moist gangrene occurs often in Cac- 
taceae and Mesembryaceje ; it is also met with in the Cucumber, Melon, 
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and other fruits, as well as in the Balsam and in succulent plants. 
It begins by dark green spots of various sizes, which soon increase and 
change colour. A swelling first takes place, and then a contraction ; the 
epidermis bursts, and a dark fluid oozes out, having a fetid odour. The 
disease goes on increasing, until complete disorganisation takes place. 
The diseased cells are found to contain dark granules. Sometimes 
also a vibrio has been detected. The disease is produced by cold and 
moisture. Its cure is attempted by cutting away diseased parts, giving 
a proper amount of temperature, a drier atmosphere, and a drier soil. 

1048. A peculiar disease attacks some kinds of Stone-fruit. It 
consists in a peculiar enlargement of the shell of the young fruit, which 
then grows up into a distended leathery bag. The cause of it is un- 
found on the Himalayas, this is so common 
as to have given rise to the supposition 
that the plant in this condition is a dis- 
tinct species, which lias been called Cera- 
hus cornuta. On the banks of the Dee, 
near Aberdeen, Mr. Wyville Thomson ob- 
served the fruit of tlie Prunus communis, 
var. insititia, presenting the appearance of 
green legumes in place of drupes — the 
fruit being abortive. 

1049. Plianerogamous parasites are 
also injurious to plants. Among them 
may be noticed esiiecially species of Ous- 
cuta or Dodder (Fig. 1300), which prove 
destructive to crops of Flax and Clover. 
Their seeds are sown with these crops, 
and germinate like othei* plants. Ere long 
tliey become attached to the stems of the 
plants in their vicinity by iiicans of suckers, 
and then they act as true ])arasites, living 
on the sap of the plants, and finally de- 
^troying them. It is of great importance 
for the farmer to see that the seeds of Flax 
and Clover arc free from tliose of Dodder. Other parasites, as Broom 
Papes (Fig. 12G, j). 54), Mistleto (Fig. 125, p. 53), Ac., in a certain 
degree injure the plants on wdiich th(‘y grow, but they are by no means 
so injurious as the Dodders." 

1050. Many substances act as poisons to plants as w'cll as animals. 
We have already given full details in regard to the cifects of poisonous 

Fig. 1306 A parasitic plant culled Dodder ( which grows from seed in the usual way, 
with Its roots in the soil, but afteiwaids twines luund other plants, sucli us Tiefoii and Flux, and 
attaches itself to them by means of suckers, a. It loses all conncftion ^vlth the soil, and lives on the 
plant, winch it finally destroys 


known. In a Bird Cherry 



Balnngton on the Flax Uodder, m Jouin Fug Ague Soc ii 63 
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gases on vegetation (p. 478). The experiments of Turner and Chris- 
tison distinctly show that irritant gases, such as sulphurous, hydro- 
chloric, and nitric acid, act by destroying first the parts to which they 
are applied, more especially those where there is abundance of mois- 
ture ; while narcotic gases, like hydrosulphuric acid, have a general 
effect on the irritability of the jdant. Marcet and Macaire* experi- 
mented on the influence of fluid poisons on plants. They concluded 
that metallic poisons acted on vegetables in the same way as on ani- 
mals. They were absorbed, and destroyed the organs to which they 
were applied ; while narcotic vegetable poisons destroyed the whole 
vitality of the plants, without any local irritation. In their experi- 
Tuents they employed arseiiious acid, corrosive sublimate, salts of mer- 
cury, tin, copper, and lead, (>occulus indicus, Belladonna, Opium, Nux 
vomica. Digitalis, oxalic acid, and prussic Jieid. 

1051. Injurious efiects are produced on plants by insects of various 
kinds. Some of tiiem feed on the jdants ; others form habitations for 
tliemselves in the leaves and flowers; others imnctiire different organs 
with the view of depositing their ova. Earcoekle, Purple, or Pepper- 
corn, is a disease caused by a minute animal called Vibrio Tritici, oi 
the Eel of the Wheat. The disease was noticed by Needham more 
than a century ago. The infected grains turn daik green at first, and 
ultimately nearly black. They become rounded, resembling a small 
Fej)percorn, but with one or more deep furrows on their surface. Iflie 
husk of the chaft’ sjueads open, and tlie awns are twisted. The 
blighted grains are full of a moist, white, cottony substance, Jind con- 
tain no flour. When the 'X)ttony matter is placed in a drop of watej 
under the microscope, a multitude of minute eel-shaped animalcules 
are seen in active niotion.*i- Eaily in March the animalcules find 
their way into the grain from the earth, and thence into the young 
])lant. Tliey ascend within the stem, and reach the ovary. The\ 
then grow rapidly, and die after depositing numerous ova. The young 
are hatched in eight or ten days afterwards, and speedily attain 1-33(1 
of an inch in length, and 1 -1200th of an inch in diameter. When 
full-grown, the vibrio is ^tli of an inch lung, and l-30th of an inch in 
diameter. Not less than 50,000 of the young might be packed in a 
moderately-sized grain of wheat. They retain their vitality long. The 
mass may be allowed to dry, so that the slightest touch would reduce* 
it to powder, and yet, when moistened with water, the animalcules will 
revive and become active. They may be driecl and revived man\ 
times before they are killed. According to Bauer ajul Ilenslow, th(*se 
revivals may extend over six or se\cn }cars. The infecU'd grains 

* Mdrcet, dc I’aciron dcs Poisons sur le llcpjnc Vojjc^tid, in Ann do Chiuut (t del’ll} siqut, \xix 
200, Macnirc-PiinBcp, ibid xx\u 85 

ftoffredi, Bur I’onghie des pctits VeiB ou Anguilles du Bled i.iehiliqiic— Jouui di I’liysique, v 1, 
197, Ml. 369, also Needham’s icmarkb on the same Biihjcct -Joinn. de Pli}8ique, \ 220. Bauci on 
Vibno Tntiei, nitli Piawings, in Phil Tunis fqi 1823, p 1 , Cuitis on Vilnio Tiiiiti, m Joum. Ague. 
Soc England, \\ 513 Spikcleti of Poa mt somi times seen nf ii ]>niple (oloui, (onldiiung nume- 
rouB VibiioB 
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float in water for a short liriie, but on being saturated with moisture 
they sink. Scalding water kills the vibrio. 

1052. P]iitoniological writers give accounts of numerous insects 
which are prejudicial to white and green crops.* Some, like locusts, 
destroy the wliole vegetation rapidly ; others are more slow in their 
ravages. Curtis enumerates sixty insects which prey upon the Potato 
crop.-j- ^riie Wheat midge (Cecidornyia Tritici) is a minute two- 
winged fly, myriads of Avhich are seen, in the early part of June, from 
seven to nine in the evening. They deposit their eggs, by means of 
a long retractile ovipositor, in the blossoms of Wheat. From these 
eggs aie ])roduced small yellow maggots, which are the larvaj of the 
fly, and which occasion much mischief.^ A short time before the 
proper period of ripening, several ears in a field of Wheat may be seen 
to present a yellow and prematurely ripened a])pearancc. On exa- 
mining these ears, there will be found a multitude of these little yellow 
Jarvaj lying between the husk and the young grain. They eat up the 
j)olleii, and thus prevent the grain from coming to maturity. The 
destruction thus caused sometimes amounts to one-third of the crop. 
Tlie catcri)illars of the WJieat midge are about 1-1 2th of an inch in 
length, and the chrysalis is reddish orange. It is not easy to suggest 
a remedy against the Wheat midge. All that can be done is to endea- 
vour to separate the pupas from the corn in barns by means of a wire- 
gauze sieve placed below the winnowing machine. The Hessian fly 
(Cecidornyia destructor) is injurious to Wheat in North America. It 
deposits its eggs near the base of the straw, and destroys the stem 
above tlie root. These species of (^eidomyia are fortunately often 
destroyed in great numbers by the Ichneumons, which deposit their 
ova in their bodies. 

1053. Aphides attack almost every plant. Many of them infest 
the cultivated cro])s. Aphis Fabse is an insect of a sooty black colour 
which attacks the Beau crops, appearing first on the tender upper 
shoots. ^J’he aphides nndtiply to an enormous extent. A single 
insect, according to Allman, may be in one year the progenitor of 
100,000,000,000,000,000 of young ones. A similar insect attacks the 
Pea. Aphis Rapa? is a green-coloured insect which infests Turnips. 
The infected leaves are curled up and distorted, and the insects are 
found in multitudes within the folds, towards the end of summer and 
in autumn. The insect attacks the Potato, and is identical with Aphis 
vastator. The only remedy for Aphides is to remove the infected 
leaves as soon as they ai-c dLscovered.§ The larva of the beautiful 

* ])uiiran, on Insects most injurious to VcfrcUiljlcs, and on tlie means best calculated to counteract 
tlieir ravages, in Trans, of IJiglilaiid Soc. for 1844. Hardy, on Insects injurious to the Turnip Crop. 
Westwood, numerous Entomological Tapers, duung 1850-53, in the Gardener’s Chronicle. See also 
M'Tiitosh’a Book ot thr Garden, \ol. ii. 

t Curtis, on Insects aftccting the Potato Crop, in Journ. Agric. Soc. England, x. 70. 

X Kirby, History of TipuU Tiitici and of Idineumon Tipulw, with obBcrvatioiis on other iiistcts 
that attack tlie Wheat, in Linn. Trans, iv. *230, and v. p6. 

S Leaves occasionally picsent an aspect as if injured by insecls, when in reality the appearance is 
r.iused b\ pacts of the tissue decaying in a peculiar w'nv See Gaidencrs Chronicle, Sept. 22, 1840 
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little beetle called Coccinella, or Lady-bird, commits great devastation 
among the destnictive Aphides, on which it feeds. The larva of 
another insect, called the Lace-wing or Chrysopns, also destroys 
Aphides. 

1054. The Apple-tree mussel or dry scale, Aspidiotus conchiformis, 
attacks the bark of Ai)ples, Pears, Plums, Apricots, and Peaches. 
Species of Coccus are often destructive to plants. One of tliem de- 
stroyed, in 1843, the whole Orange-trees in tlie island of Fayal, one 
of the Azores. The usual exportation of fruit from Fayal was 12,000 
chests annually, but in 1843 there was not one. The insect extended 
its devastation also to St. Michers. The support of the numerous 
families, the fortunes of the merchants engaged in this commerce, the 
revenue of the country, and the wealth and even the very existence 



I’lg. 1307 Fig. 130H 


ot the population, were thus directly affected by the operations of a 
diminutive insect. A species of Coccus infests Coffee plantations in 
(!eylon, and often causes great destruction to the crop. After the 
attack of the ('occus, a dark-colonred Fungus attacks the plants. The 

lig. 1307. SpecioB of Cactus, on which the Cochineal insect (Co(nis Caclt) feeds. The plant is 
called Opuntta cochnclhfera. The female insect 8up])hes the dje The Nopalencs of the West Indies 
are plantations of this Cactus, which is called the No])al plant. The mule winged insect is represented 
at a in the Figure. 

Fig. 1.308 The Kcrnies Oak {(^uetcus coecifera), on which the Coccus ilicls feeds. This Coccus, 
represented on the branch in the Figure, yields a scarlet dye, which appears to be the scarlet alluded 
to in many passages of Scripture (Gen. xxxvni. 28; Exod. xwiii. 6, 8, 16, Num. iv. 8, Lev.xiv. 4; 
2 c am. 1 . 24, Lam. iv. 6 , Nahum, u. 4). Mr. Hamel, however, endeavours to prove that the red colour 
so often spoken of in the Bible and by ancient writers was produced by the Armenian Cochineal, 
which IB found on the roots of .Slnropus Iwvis, a common plant in the Steppes of Enwan. 
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cochineal insect feeds on a species of ('actus (Opuntia cochinellifera), 
and produces iujniy to ilie plant (Fig. 1307). The female insect sup- 
plies the dye. 

1055, The Kermes insects (( Coccus iliois) are found on a sj^ecies 
of Oak (Qnercus Ilex) common in the Levant, Spain, and South of 
Prance (Fig. 1308). Tlie Crimson Kermes dye was used in early 
times. It was known to the Phceiiicians by the name of Tola or Thola, 
and to the Greeks under that of Coccus, whence the Romans derived 
their name (.occineus, the Spaniards their Coccinella, and the English 
their Cochineal. It was known to the Arabs and Persians by the 
names of Kermez and Alkermez, whence the French derived the name 
of the colour, Cramoisie, and we our Crimson. From the Latin epi- 
thets vermiculum and vermiculatum, given to it in the middle ages, 
when it was thought to originate from a worm, have been derived the 
French venneil and the English vermilion, although now applied to 
cinnabar. On the roots of Scleranthus perennis, the ('oocus polonicus, 
or ('occus radiciim, is found. It furnishes the Polish or German 
cochineal. It was formerl}^ collected for dyeing red in the Ukraine 
and Lithuania.* 

1056. Species of Lozota?nia roll up the leaves of different trees 
and shrubs. The pea-green moth (Tortricida viridana) curls up the 
leaves of the Oak in a peculiar manner. A moth called Tinea 
CJlerckella attacks the leaves of Pears and Apples, and especially the 
Chaumon telle and Glout-raorceau Pears, causes blisters on the leaves, 
and destroys the pai*enchyma. BlLstcr-moths also attack the leaves of 
Oak, Elm, and Celery. Many insects, called Miners (from the cater- 
pillars feeding only on the pulp of leaves and leaving the cuticle entire), 
attack the Turni]>, Vine, Primrose, Rose, (‘incraria, and Bramble. They 
form tortuous galleries in the leaf, and change its colour into a red- 
brown or ochreous tint. This mode of life is not restricted to one order 
of insects. Certain species of beetles, moths, and flies have the same 
propensity. Species of Phytomyza and Chromatomyia cause markings 
on leaves by undenniniiig them. Chromatomyia uigi’a (l^hytomyza 
nigra) causes white marks on the leaves of the Primrose. These are 
winding canals on the upper side of the leaves. Ch. obsciu’clla and 
flaviceps act in the same way on the leaves of Honeysuckle. Ch. 
Syngenesiai is one of the miners which attack the leaves of Senecio 
vulgaris and JacobR\*i, Carduus arvensis, Sonchus oleraceus, <fec. 
Phytomyza flava is a mining insect which attacks tlie leaves of Ranun- 
culus repens. Ph. albiceps attacks the leaves of Heracleum Sphondy- 
lium and Carduus arvensis. Ph. Aquilegim attacks Columbine leaves. 
CossuB ligniperda and Scolytus destructor cause diseases in the bark of 

• Iac 18 a dye procured from a CorcuB (Coccus Ficus, or Coccus Lacca). The lac insects in the East 
Indies are nourished on many different trees. Lac m its natural state is called ttick-lac. Seed-lac is 
a collection of granules got from stick-lac, after the colouring matter has been extracted by water. 
Lump-lae is seed-lac after it has been purihed by fire and formed into cakes ; while shell-lac is the 
purified lac, or the substance liquefied, strained, and formed into transparent laniintr. 
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Elms, &c. The only way to cure the disease is by cutting out all the 
old infected hark, destroying the channels in which the ova and larva 
are, and then washing with lime water mixed with some soot. 

1057. Many trees, especially the Oak and Willow, are liable to 
the disease called Galls, which is due to attacks of insects (species of 
Cynips, &c). The insects wound the bark and leaves while deposit- 
ing their ova, and the irritation causes a formation of a deposit around 
them. The galls of commerce are produced on Quercus infectoria. In 
blue galls the insect is still in the interior, while in white galls the 
insect has escaped by a perforation. There are various kinds of galls 
formed on different parts of the Oak. The Oak-apple is the largest 
gall of the Oak, and it is developed on the extremity of a twig. It is 
divided into numerous cavities, each containing a grub, pupa, or 
perfect fly, according to the season. Another gall is produced by a 
r^ynips. It is in size and form like a Chirrant, and is developed on the 
male calkins of the Oak, which, when the gall is on them, continue 
to live even when other catkins have fallen off. Another gall like the 
last is found attached to the leaves of the Oak. Some of them arc as 
large as a marble. The Artichoke gall is an irregular development of 
the bud, and consists of a number of leafy scales overlapping each 
other. At first sight it might be taken for a young cone ; but on 
dissection it is found like other galls to contain insects in various 
stages of growth according to the season. The Oak spangle is an 
appendage of the leaf attached by a central point to its under surface ; 
the inner side is smooth, the outer red, hairy, and fringed. Each 
contains a single insect, which retains its habitation till March, long 
after the leaves have fallen to the ground. These spangles resemble 
parasitic Fungi in their appearance, and have often been mistaken for 
them.* 

1058. The species of Spruce (Abies) are liable to a peculiar disease 
produced by the attacks of an insect called Adelges Abietis. This 
disease consists of an alteration in the colour and form of the leaves, 
which are aggregated together in the shape of cone-like excrescences. 
Mr. Hardy, in describing the insect and its mode of attack, says : — 
The original matriarch lives outside the gall, remaining all wintej: in 
a dwaif state at the root of a bud. As soon as the bud swells, she 
revives likewise, and sp(‘edily becoming enlarged with the juice im- 
bibed, she lays some hundreds of eggs. The bud meanwhile, instead 
of growing in length, becomes fleshy, and this fleshiness is communi- 
cated to the leaves. The consequence is an arrested bud, into the 
recesses of which the young, issuing from the cluster of ova on the 

* The apples of Sodom are by some supposed to be galls found on an Oak. The gulls, wIjcu on 
the tree, are haid to be of a rlJi purple colour, and to he vainished over i^ith a soft substance of tl)c 
consistence of honey. They shine with a brilliant lustre In tlie suii, and appear like a tempting 
fruit, but when chewed they have an intensely bitter taste (Lamboit on Gulls found on a species 
of Odk on the shoi p of the Dead Sea, in Linn. Tiaiis. xvil. 445). Some, howevei, consider the so- 
called apples of Sodom (Afala insana) to be the finit of Solamtiu sodomeum and of Calotropis 
gigantea. 
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outside of it beneath, betake themselves, and become soon closed in by 
the increased irritation occasioned by their presence in its interior.* 

1059, The wire-worm is very destructive to plants. It is a 
cylindrical worm of a yellowish colour, marked by very distinct rings, 
and covered with a hard, horny skin. It is not a perfect insect, but 
the larva of a beetle called Elater. It lives for five years in the state 
of larva, becoming more destructive all that time, and then changes to 
an inactive ])upa, from which the perfect beetle finally emerges. The 
beetle itself docs not destroy plants. Allman mentions numerous reme- 
dies as having been proposed against tlie wire-worm. The use of the 
roller is by some strongly recommended ; also, the folding of oxen and 
sheep in the infected fields. Several chemical applications have also 
been used, such as lime, soot, and common salt. A curious discovery has 
been recently made on the subject, namely, that certain plants have 
the power of expelling the wire-worm. These plants are Woad and 
White Mustard ; and it is found that if a crop of either of these plants 
be grown on a field infested with the wire-worm, tliis pest will be 
comjdetely expelled, and the field may be sovm with the ordinary 
crops the following year. Hand-picking is an obvious and most useful 
mode, and the farmer should be warned to protect rooks, which, though 
they do a little harm in eating up some of his corn, or rooting out a 
Potato or two, do infinitely more good in destroying wire-worms and 
other injurious insects. 

1060. The remedies i)roposed for the attacks of insects are nume- 
rous. Quick-lime, Sulphur, Turpentine, Tobacco, have all been 
recommended. In the case of Aphides the vapour of Tobacco is 
useful. It is not easy to get rid of the species of Coccus with their 
cottony covering. The only remedy seems to be the cleaning of the 
leaves and other parts of the plant by the hand. 1110 vapour of 
sulphur will kill many insects, but then it acts injuriously on plants. 
A solution of Tobacco, the crushed leaves of the (licrry Laurel, which 
give out a hydrocyanated vapour, ammoniacal liquor, coal tar, and many 
other substances, have been employed in different instances. The 
insect (Anobia) which feeds on plants in Herbaria may b(» destroyed by 
a solution of corrosive sublimate and Camphor in Alcohol. In order 
to prevent the attacks of these insects, it is advisable to touch all the 
specimens in a herbarium with such a solution.f 

1061. As regards a remedy for the Isolate disease, M. Bollman, one 


* for an account of insects attacking wood, sec Kirbj on insects tlmt prey on timber, in Linn 
Trans, v. 246. 

+ Curtis recommends the following nuxtnie — 

Corrosive sublimate, two drachms 
Sulphuiic ethci, three diachms. 

Disholvo and add alcohol, thioe outicos 
Spirit of turpentine, two ounces 

The mixture commonly used in Edinburgh consists of— 

Corrosive sublimate, one drachm. 

Camphorated spit it. three oiincet'. 
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of the Professors ia the Kussian Agricultural Institution at Gorigoretsky, 
has recently stated that thoroughly dried Potatoes always produce a crop 
free from disease. The drying must be conducted at a high tempera- 
ture, perhaps from 80® to 100® F. or more, and must be continued for a 
long time — a month at least. Bollman has succeeded in having excellent 
crops of Potatoes since 1850 by adopting this method, while other 
fields around his were sutfering from the disease. Other parties hi 
Russia have found ihe plan successful. Professor Bollman remarks 
that it is usual in some parts of Russia to smoke-dry Flax, Wheat, 
Rye, and Onion seeds. Potatoes smoke-dried have been found by M. 
Wasilefifsky to be little liable to disease. The Potato will bear a very 
high temperature during the process of drying. In one instance the 
thermometer stood at 1 36®, and it was ascertained that the vitality of 
the Potato was not destroyed even when its rind was charred.* 

1062. Recapitulation of the chief facts connected with the dis- 
eases and injuries of plants : — 

1. The common causes of diseases in plants are improper soils, imgenial climates, frosts, 

rains, drought, storms, parasitic plants, insects, and wounds of various kinds. 

2. Diseases frequently originate in the nitrogenous lining of the cell-walls, and thence 

are propagated to the contents of the cells and to contiguous tissues. 

3. Diseases have been divided into-— those arising from excess or deficiency of light, 

heat, air, moisture, or the ingredients of the soil; those caused by parasitic 
Fungi ; those attributable to the action of poisons ; and those produced by mecha- 
nical injuries, and by attacks of insects. 

4. Some of these diseases are propagated by contagion, more especially those occasioned 

by Fungi; others spread epidemically, and seem to depend on atmospheric 
changes and meteorological c.iuses. 

5. Some plants arc more predisposed than others to disease, and it is found that those 

plants are most liable to be attacked by parasitic Fungi which arc enfeebled in 
their growth. 

(). Plants grown in an ungenial climate and soil, arc very liable to disease; tender 
exotics in Britain are often injured b}*^ spring frosts. 

7. Plants are suited to particular climates, and it is impossible to increase by cultiva- 

tion their power ol' enduring heat or cold; there is no evidence of plants being 
acclimatized by a process of cultivation. 

8. The sea-breeze, carrying with it saline ])artlcles, is often very injurious to trees. 

Some trees resist the effects of the sea breeze better than others. 

0. The attacks of parasitic Fungi are a very frequent source of disease. These Fungi 
may either originate the disease, or aggravate and modify it after it is produced. 

10. Many diseases in cultivated grains, such as Bunt, Smut, Rust, and Mildew, are 

referred to attacks of species of Uredo, Puccinia, and Ustilago. 

11. Various remedies have been suggested, such as steeping grain in boiling water, in a 

solution of sulphate of copper and in alkaline solutions. 

12. Other Fungi, more especially species of Erysiphe and Oidium, gives rise to Mildew 

in plants. The Vine Mildew caused by Oidium Tuckeri, is said to be prevented 
by the application of sulphur. 

13. Ergot is a diseased condition of the ovary of Grasses, which assumes a spurred 

appearance, well seen in diseased Rye. It seems to be caused by an attack of a 
Fungus called Cordyliceps purpurea. 


* Bollman, Experiences ct Conclusions sur lea Moyens de pr6venir la Maladic des Pommes dc 
Terre, 9t. Petersburg, 1863; also Gardener’s Chronielo, June 4, 1863. 
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14. The late Potato disease has been attributed by Berkeley and others, to a Fungus 

attacking the loaves, and afterwards causing injury to the tubers. ITie disease 
seems to appear first in the leaves, which, when affected, present the same aspect 
as those injured by irritant gases. 

15. By others the disease is attributed to changes in the cells caused by cultivation, 

which render the plant liable to various epidemic influences; a nidus is formed 
for the spores of Fungi, which accelerate decay, and give a peculiar character to 
the disease. 

10. Bollman says that drying, if conducted at a sufficiently high temperature, and con- 
tinued long enough, is a complete antidote to the disease. 

17. Dry rot is a disease to which the wood of trees is liable ; alterations take place in 

the cells and vessels, and a Fungus called Merulius lacrymans or vastator, is de- 
veloiied, which causes a very rapid disintegration of the wood. 

18. Dry-rot occurs also in wood after being cut, when it is exjioscd to damp, and when 

at the same time there is not a free circulation of air. Some woods are more liable 
to dry-rot than others. 

19. The modes of preventing dry-rot arc keeping tlie wood dry and well ventilated ; 

stee])iiig it in a solution of coiTosivc sublimate (Kyaniziiig), or in a solution of 
chloride of Zinc (Burnettizing) ; or causing it to absorb, after Bouchcric’s method, 
solutions of acetate of lead, or of i>yrolignite of iron, or of creasotc. 

20. Some succulent plants are liable to gangrene, by which the parts become sphacelated, 

and decay. 

21. Plants are also liable to bo destroyed by the attack of phanerogamous parasites, such 

as the Dodder. 

22. Metallic and vegetable poisons destroy plants ; the fonner act as irritants, the latter 

as narcotics. 

23. Acid and narcotic gases in the atmosphere are injurious to ])lants, causing disease 

and death. 

24. Many insects act injuriously on plants, either destroying them at once, or inflicting 

w'ounds which end in a (liscased condition of the parts. 

25. The disease called Earcockle or Purple, is caused by the Vibrio Tritici or I\Tieat-eel. 
2C. Species of Cecidomyia, Aphis, and Coccus, are destructive to cultivated plants. 

27. Galls arc produced by the attacks of insects (species of Cynips), w'hicli deposit their 

ova in the bark and leaves (»f plants. Oaks and Willows are frequently affected 
with galls. 

28. A species of Adelges causes a peculiar conc-like formation on the branches of Spnice. 

29. The wire-worm, whicli is the larva of a beetle, is very destructive to plant'*. 

30. Various remedies have been suggested to prevent the attacks of insects, such as 

(juicklime, sulphur, turpentine. Tobacco, and the liquor of gas-works. 



PART III. 

TAXOLOGICAL BOTANY, 

()\i THE CLASSIFICATION OF PLANTS. 

CHATTER 1. 

GENERAL REMARKS ON CLASSIFICATION. 

1063. In examiiiiTi^ the Vegetable Kingdom, we observe that the 
individuals composing it are formed by the Almighty in accordance 
with a principle of order, as well as a principle of special adaptation. 
We have already remarked the order pursued in the arrangements of 
the various parts of the root, stems, leaves, and flowers of plants, and 
we have traced, in some degree, the modes in which they are fitted to 
perform their difierent functions. We now proceed to apply the facts 
of Vegetable Anatomy and Physiology to the classification of plants, 
and to consider the plan according to which they are grouped together 
in classes and families. 

1064. We see around us various kinds or sorts of plants which 
more or less resemble each other — or, in other words, are more or less 
related to each othei’. In Taxological or Systematic Botany we 
endeavour to mark these resemblances and to determine their relations. 
It is impossible to give a scientific arrangement of the plants of the 
globe without a thorough knowledge of structure and morphology, 
and without an extensive knowledge of the vegetation of all parts of 
the world. We cannot expect to determine the system on which 
plants have been grouped until we have an accurate acquaintance with 
all the forms which they present. Hence, in the present state of onr 
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knowledge, there must be imperfection in our attempts at systema- 
tizing. The Floras of many regions in Africa, India, China, Australia, 
and America, are still unknown, and we may therefore conclude that 
in all systems there will be ga])S to be filled up as our knowledge in- 
creases. Sufficient, however, is known to enable us to group plants 
according to certain evident allitances. 

1065. The necessity for arrangement is evident, when we reflect 
that there are more than 120,000 known species of plants on the earth. 
In order to make these available for scientific purposes, it is absolutely 
essential that they should be named and classified. In associating 
plants in certain groups we naturally proceed on an idea of resemblance 
or likeness. While in ordinary language this idea is vague, and is 
often founded on imperfect data, it is clear that in science it must be 
strict and rigorous. It is not enough to say that one plant resembles 
another in its general aspect, we must ascertain the particulars of 
agreement, and the points in which they difier ; we must weigh well 
the importance of the characters, and must compare organs which are 
equivalent in value ; and thus we shall often find, that plants which 
to common observers appear alike, are in reality totally different. The 
study of organography gives us a strict and accurate technical lan- 
guage which must be rigidly adhered to in classification. The labour 
bestowed in the acquisition of botanical terminology is by no means 
lost. It is the foundation on which all classificatory arrangements 
proceed. We must not be misled by the mere derivation of terms, we 
must study their true import. Thus the term papilionaceous means, 
like a butterfly ; but we must not on that account suppose that every 
flower having a fancied resemblance to a butterfly is papilionaceous. 
We know that in scientific language such a flower is composed of 
certain definite parts, the vcxillum, ala?, and carina, arranged in a cer- 
tain order, and to them we must look as constituting the character. 

1066. Plants as they occur in nature are viewed as individuals 
resembling or differing from each other. Some individuals are so de- 
cidedly alike that we at once give them the same names. Thus a 
field of wheat is composed of numerous similar individuals which can 
be separated from each other, but cannot be distinguished by any per- 
manent or marked difference. Although there may be some difference 
in size and other minor points, still we at once say they are stalks of 
Wheat. Every grain of Wheat when sown, produces a stalk of Wheat ; 
these stalks yield grains which produce individuals like their parents. 
The shoots or buds given off from the base of Wheat by tillering, also 
produce stalks of Wheat. On such universal and inevitable concep- 
tion^ as these, our idea of Species is founded. 

1067. A Species, Forbes remarks, is the type or original of each 
sort of plant, represented in time by a succession of similar individuals ; 
and may be defined as an assemblage of individuals presenting certain 
constant characters in common, and derived from one original proto- 
plast or stock. The individuals are thus considered as having arisen 
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from one parent stock. They may differ slightly in size, or in colour, 
and other unimportant respects, but they resemble each other more 
closely than they resemble any other plants, and their seeds produce 
similar individuals. Martin says, species are distinct forms of plants 
originally created, and producing, by certain laws of generation, others 
like themselves. Species, then, comprehend all the individuals which 
have issued from a single being or one pair of beings, according as the 
sexes arc conjoined or separated. 

1068. Observation and common daily experience demonstrate, in 
the actual circumstances in which we exist, the permanence of the 
types which constitute the species of living bodies. There is no evi- 
dence whatever of a transmutation of species. I'he erroneous state- 
ments regarding the conversion of Oats into Eye have proceeded on 
imperfect observations.* The individuals, however, of a species may 
present certain differences in regard to size, colour, <fcc., these differ- 
ences depending on soil, and on different conditions of heat, light, and 
moisture. Such differences are not incompatible with the idea of a 
common origin, and moreover, there is always a tendency to return to 
the original type. Hence Ball defines a species, that group of vege- 
table forms of which w^e are led, by observation and analogy, to believe 
that the differences between the individuals composing it may be made 
to disappear by the continued agency of external circumstances, cither 
upon the individuals llicmselves or upon their descendants. What are 
called Varieties^ therefore, are variations in species which are not in 
general of a permanent cliaracter, and cannot be kept up in ordinary 
circumstances by seed. By cultivation, however, such varieties are 
sometimes per[)etuated. This is usually accomplished by means of 
cuttings or grafts, and in certain instances even l)y seed. Thus the 
varieties of tlic cereal gi'ains and of culinary vegetables have been pro- 
pagated so as to constitute permanent races. 

1069. riants wliich are cultivated are liable to sporty as it is 
called, and the peculiarities and variations thus produced are some- 
times kept up. Thus, Lindley remarks, there are races of double 
Larkspurs, and of striped flowers, called uniques. So also there are 
permanent varieties of Camellias and Chrysanthemums, Pelargoniums, 
Orchids, Amaryllides, Fuchsias, and many other garden flowers. The 
Carrot, when cultivated, in place of flowering, lays up a large store of 
nourishment in its root, and does not flower till the second year. The 
Moss-rose is a sport produced by glandular projections of the calyx and 
peduncle. This is called mossiness. The first Moss-rose was a sport, 
and the rest are kept up by careful selection and cultivation. The 

* A curiouB case has been narrated, m winch a spikelct of Oat came out from a head of Wlieat. 
On examination, it appeared that the stalk of the Oat hod tvi isted itself round the ear of Wheat when 
both were very youn((, and they had grouu up together m close apposition— the chaff of the Wheat 
completely hiding the stalk of the Oat, which ^ as at last, by some accident or violence, snapped from 
its parent and left clinging to its supporter, all truce of its oiigin being hidden —Qardener*s Chronicle^ 
October 6 , 1849 . 
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Celosia has a thickened, flattened (fasciated) stalk, and crowded 
flowers — a sport forming the Cockscomb. The tendency to grow in a 
fasciated Cockscomb manner is kept up by saving seeds of these sport- 
ing specimens, and rejecting all which do not show the monstrosity. 
The Canterbiny iiell often shows a sport in the form of a fasciated 
flowering stem, and of flowers running together into a fine crescent- 
shaped head. 

1070. In culinary vegetables the tendency to sport is very evident. 
In this way all the varieties of (kbbage, C^auliflower, Brocoli, Savoys, 
and Curled Greens are derived from one stock, Brassica oleracea. This 
plant gi-ows wild on the sea-shore, and when cultivated it assumes pe- 
culiar forms. Thus it forms a heart, as in ordinary Cabbage ; its 
flower-stalks become thickened and shortened, as in Cauliflower and 
Brocoli ; or its parenchyma is largely developed between the vessels, 
so as to give rise to the crisp and curled appearance of Greens. Tliis 
tendency in the plant to pi’odiice monstrosities was early noticed by 
cultivators, and care was taken to ])ropagate those individuals which 
showed abnormal appearances. The seeds of such were saved, ])ut 
into good soil, and no plants were allowed to remain excei)t such as 
presented the required form. In this manner certain races of culinary 
vegetables have been established. If, however, these cultivated plants 
are allowed to grow wild and scatter their seed in ordinary soil, they 
will in the progress of time revert to the original type or species. In- 
stances such as these show the remarkable effects of cultivation in 
perpetuating varieties by seed. 

1071. Kemarkable varieties in fruit are produced by cultivatioi] 
and grafting, as already exjdained (p. 6C4). All these varieties are 
kept up by the art of tlie gardener. The seeds of the best Aj)ples, 
when sown, have a tendency to produce plants which bear fruit re- 
sembling the Ch’ab, and if tliey are sown in ordinary soil, and allowed 
to grow in a wild state, they will return at length to the type or true 
species (Pyrus Malus), which they will perpetuate. 

1072. In regard to the cereal grains, Wheat, Bai-ley, Oats, Ac., 
they have been so long cultivated that we arc at a loss to know the* 
original types or species. We have been forced, in the mean time, to 
call them species, although tliey are probably mere cultivated varieties 
of unknown species, perpetuated as races. That Wheat is an abnormal 
state of some plant, it has been remarked, might be conjectured from 
the fact that it does not become wild ; if left to itself it disappears. 
Not that (as in the case of many abnormal states of plants) it does not 
produce fertile seeds, nor does it (as is the case with others) return to 
its original state ; but when deprived of that cultivation which has 
brought it to the abnormal state, it dies off, it becomes choked or 
destroyed by external agents which ii is loo weak to resist, or it docs 
not multiply in a ratio sufiicient to counterbalance the numerous causes 
of destruction to which wild plants are liable. Fabn* has stated re- 
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cently that the Wheat is a cultivated variety of the grass called 
iEgilops ovata. This plant first undergoes a change by which it 
becomes what has been called ^gilops triticoides, and then in suc- 
cessive years is converted into true Wheat. The wild grass called 
iEgilops ovata, according to him, is subject to a sport (iEgilops triti- 
coides), and the seeds of this variety have a tendency to sport still 
more ; until, in the course of about twelve years, by careful cultiva- 
tion it can produce the form known as cultivated Wheat.* This dis- 
covery, as Lindley says, does not invalidate the characters by which 
the genera ^gilops and Triticum (as taken from wild species, such as 
Triticum maritimum, are separated, any more than the existence 
of a Pedoria in Linaria invalidates the characters derived from the dis- 
tinction between regular and irregular flowers, 

1073. It is of great importance to distinguish between mere varie- 
ties and true species, and to determine the limits of variation in dif- 
ferent species.-j* lly not attending to this, many varieties have been 
described as species, and by their change or disappearance have given 
rise to great confusion and incorrectness both in descriptions and in 
arrangements. We must not exalt into species individuals showing 
differences which are not of a permanent nature in the ordinary wild 
state of the plant. Tlie multiplication of the species of Salix, Kosa, 
Uiibus, ITieracimn, Saxifraga, and Solanum, and of many other genera, 
is to be attributed in no small degree to inattention to the limits within 
whicli certain species vary. Another source of fallacy arises from 
hybrids being occasionally reckoned as true species, as in the case of 
Bryanthus erectus, already noticed (p. 594). Hybiids or cross breeds, 
as already stated, are rare among vild plants, but they are common 
in gardens. Idiese hybrids, however, are rarely fertile, or at least do 
not continue so for many generations. They have always a tendency 
to revert to one of the parents.^ 

1074. (Certain species not identical in origin, have common fea- 
tures of resemblance, and are associated together under what is called 
a Genus, A genus, then, is an assemblage of nearly related species, 
agreeing with one another, in general stiucture and appearance, more 
cl()S(‘ly than they accord with other species. Thus the Scotch Kose, 
the Dog Rose, the Clhina Rose, and the Swxet-briar, are all different 
species included in one genus, Rosa. So also Brambles and the Rasp- 
berry are comprehended in the genus Rubus. It may happen that a 
single species may be reckoned as forming a genus, when tlic pecu- 
liarities are as marked as those constituting other genera. Thus, if 
there was only one species of Oak, it would be sufficient to constitute a 
genus, as much so as at present, when it includes 200 species. It is 

* See Fabre's views, as given in tlic Gaiilcnd's Clnonule foi July 17, 24, and 31, 1862 See also 
Courte Introduction au Travail de M Espnt Fabie d’Agde, but la Metamorphose de deux iEgilops en 
Triticum, par M. Iclix Uunal Dcb iEgilopa du Midi de la France, ct dc leur transformation, par M 
Kspnt Fabre d’Agdc 

i Henslow, on fbe rcquisilcb norcssirv foi tbe ad\nnre ol Uotanj, witb icniRiks on the linnfs 
ol SpecieB, in M ig Zool and Bol i 113 ^ Sc*c full notin ofHjbndsntp 594, 
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distinguished by its. acorn from other allied genera, such as the Beech, 
the Hazel, and the Chestnut. The species in a genus present one 
general plan, and may be said to be formed after the same pattern. 
Some species of a genus, having special points of resemblance, may be 
grouped together in a Sub-genus. 

1075. Forbes,^* in treating of the relations of individuals, species, 
or genera, to geological lime and geographical space, remarks : — ‘‘ The 
individual^ Avhethcr we restrict the word to the single organism, 
however produced, — or extend it to the series of organisms, combined 
or independent, all being products of a single seed or ovum — has but a 
limited and unique existence in time, w^hich, short as it must be, can 
be shortened by the influence of unfavourable conditions, but which 
no combination of favouring circumstances can prolong beyond the 
term of life allotted to it according to its kind. The species, whether 
we restrict the term to assemblages of individuals resembling each 
other in certain constant characters, or hold, in addition, the hypo- 
thesis (warranted, as mightbe shown from experience and experiment), 
that between all the members of such an assemblage there is the 
relationship of family, the relationship of descent, and consequently 
that they are all the descendants of one first slock or protoplast, is like 
the individual in so much as its relation to time are unique : once de- 
stroyed, it never reappears. But, unlike the individual, it is continued 
indefinitely so long as conditions favourable to its diffusion and 2 >ro- 
sperity — that is to say, so long as conditions favoui'able to the pro- 
duction and sustenance of the individual representatives or elements, 
are continued coincidently >\ith its existence. The genus, in what- 
ever degree of extension we use the term, so long as we apply it 
to an assemblage of species intiinately rel.ated to each other in com- 
mon and important features of organization, appears distinctly to 
exhibit the phenomenon of centralization in both time and space, 
though with a difforence, since it would seem tliat each genus has 
a unique centre or area of development in time, but in geographical 
space may present more centres than one. An individual is a positive 
reality ; a species is a relative reality ; a genus is an abstraction, an 
idea — but an idea impressed on nature and not arbitrarily dependent 
on man's conceptions. An individual is one ; a species consists of 
many resulting from one ; a genus consists of more or fewer of these 
manies resulting from one linked together not by a relationship of 
descent but by an affinity dependent on a Divine idea. Lastly, An 
individual cannot manifest itself in two places at once ; it has no 
extension in space ; its relations are entirely with time, but the pos- 
sible duration of its existence is regulated by the law of its inherent 
vitality : A species has correspondent and exactly analogous relations 
with time and space — the duration of its existence as well as its geo- 
graphical extension, is entirely regulated by physical conditions : A 

* Prof. E Forbes on the supposed Analogy between the Life of an Individual and tlie Duration 
ot a Species. 
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genus has dissimilar or only partially comparable relations with time 
and space, and occupies areas in both, having only partial relations to 
physical conditions.*’ * 

1076. On looking at genera, it will be seen that some of them, 
such as Oaks, Hazels, Beeches, and Chestnuts, have a strong resem- 
blance or family likeness, and that they differ remarkably from such 
genera as Firs and l^ines. Maples and Ashes. Certain genera may in 
this way be grouped so as to form Orders or Families. While genera 
are groups of allied species. Orders are groups of allied genera, or, 
according to Forbes, more comprehensive genera. Thus, Firs, Pines, 
and Larches, belong to different genera, but all agree in being cone- 
bearing, and are grouped under ConifersB. The Kose, the KaBi)berry, 
the Bramble, the Strawberry, the Cinquefoil, the Cherry, and the 
Plum, all agree in their general organography, and are united under 
Rosacem. Certain genera have more points in common than others, 
and are grouped together under sub-divisions of orders called Sub-orders. 
Thus, the Plum and the Cherry have a drupe as their fruit, and are 
more nearly allied to each other than they are to the Apple ; again, 
the Strawberry, Raspberry, and Bramble, are more allied to each other 
than to the C^herry or Apple. We have thus Sub-orders of Rosacere, 
namely, Amygdale^e, including the Plum, Peach, Cherry, and Almond ; 
Pomeap, including the Apple, Pear, Medlar, and Quince ; Potentillese, 
including the Strawbcriy, Cinquefoil, and Raspberry; and Rosem, 
comprehending the Roses, The order Legnminosoe contains plants 
having legumes, and it is divided into Sub-orders, according to the 
natui*e of the flowers, namely, Papilionaceaj, with papilionaceous flowers, 
aestivation imbricate, upper petal exteiior; Cacsaljuniese, flowers not 
papilionaceous, but irregular, a3Slivation imbricate, upper petal interior ; 
and Mimoseap, flowers not papilionaceous, regular, aestivation valvate. 
Cruciferous plants agree in their tetrapetalous flowers with the petals 
arranged like a cross, and in their tetrjidynamous shamens, and they are 
divided into Sub-orders founded on their fruit, namely, Siliquosae, with 

* In writing upon tins subject Professor Forbes says — “ What we call class, order, family, genus 
arc all only so many names for genera of various degrees of extent. It is m this sense 1 use the 
term genus Technically a genus is a group to which a name (as Ribes) is applied, but essentially 
Exogen, Ranunculacew, and Rauunrulus, are genera of diffei ent degi ces. Now , one of the chief argu- 
ments in favour of the naturalness of genera or groups, is that denied from the fact, that many genera 
ran be shown to be centralized in definite geographital areas, Erica for example; that is, wc find 
the species gathered all or mostly within an area, which has some one point where the maximum 
number of species is developed But in gcogiaphical space we not nnfrequently find that the same 
genus may have tw'o oi more areas within each of which this phenomenon of a point of maximum 
number of species is seen, with fewer and few'er species radiating as it wen from it This is what I 
mean by more centres than one in geograpliical space. Thus Viola lias an Ameiuan, as well ns an 
Old World point of maximum development, around whu h wc may group the Bpecies, giadually dimimsh- 
ing in number. In time, liowever, or in other wmids, in geological distribution, so fur as we know , each 
generic type has had, so to speak, a unique and continuous range. Thus we find that all fhe species 
of a genus are grouped together within a succession of formations which commence at a certain point 
and cease at another, but when once a geneiic type has ceased, it neier reappears Tlierefore I 
speak of a genus having a unique centre in time. I say that a genus is an abstraction, a Divine idea. 

1 think the very fact of the centralization of groups of allied species, in otlicr words, of genera, iii 
space and time, is sufficient proof of tins. Doubtless we make many so-called genera that are artificial, 
but a true genus is natural, and ns such is not dependent on man’s will ” 
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B riliqua, and Siliculos« with a silicula. Orders may be divided still 
more minutely so as to group certain nearly allied genera into Tribes 
and Sub’tribes. 

1077. ^Certain orders agreeing in evident and important general 
characters are united together so as to form Classes ; and subdivisions 
of classes are made in the same way as in the case of orders. There 
are thus Sub’Classes associating certain orders included in one Class. 
The usual divisions are Classes, Orders, Genera, and Species. These 
occur in all systems of classification. 

1078. A more minute subdivision may be made as follows : — 


I. Classes. 

a. Sub-classes. 

IL Orders or Families. 
<7. Sub-orders. 

A Tribes. 

<?, Sub-tribes. 


III. Genera. 

a. Sub-genera or Sections. 

IV. Species. 

a. Varieties. 


1079. An enumeration of the marks by which one Class, Order, 
Gfenus, or Species is distinguished from another is called its Character. 
In giving the characters of any division, we notice merely those which 
are necessary to distinguish it from others. This is called its Essential 
Character. A plant may also be described completely, beginning at the 
root, and proceeding to the stem, branches, leaves, flowers, fruit, seed, 
and embryo. This is not essential, however, for the purposes of classi- 
fication, and would be quite superfluous in that point of view. In the 
character of the Classes the important points of structure on which they 
are constituted are given. In the character of Orders (the ordinal 
character) we give the general structure of the included plants, espe- 
cially of their flowers and fruit. In the Generic character, we notice 
the modification of the ordinal character in a given genus — the cha- 
racter being taken from the parts of the flower and fruit, as in the order. 
In the Specific character are included certain less important modifica- 
tions of form, whether in the stem, leaves, or flowers, which serve to 
disirnguish allied species. 

1080. The essential character of a genus, when given in Latin, is 
put in the nominative case, that of a species in the ablative. The 
names of the Classes are variously derived, according to the views of 
the authors in regard to classification, They express some points of 
structure or development which are of marked importance or perma- 
nence. The Orders are named from some characteristic genus included 
in them, except in artificial methods, where some organ is taken as the 
means of distinction. Genera are derived either from the Latin name 
of one of the species, from the structure or qualities of the included 
species, or from the name of some botanist, &c. Thus Prunus is a 
genus including the Plum, the Sloe, &c. ; Rosa, the Rose ; Papaver, 
the Poppy ; Hookeria is a genus named after Hooker ; Lithospemum, 
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from'two Greek words signifying a stone and see^, is given to a genus, 
the species of which have hard stony nuts or achenes. 

lOSl. In giving the name of a plant we mention its genus and 
species. Thus the common Dog*rose is called Bosa oanina, the first 
being the generic name, the second the specific. Specific names may 
indicate the country in which a plant is found, the locality in which it 
grows, the form of its roots, stem, or leaves, the colour of its flowers, 
&c. A species named in honour of its discoverer or describer has the 
specific name usually in the genitive, as Veronica Jacquini, named after 
Jacquin. When the name is given in compliment to a botanist, with- 
out reference to the discovery, then the specific name is in the adjective 
form, as Veronica Lindleyana. Sometimes a generic name is used 
specifically, and then it is put as a noun after the genus, with a capital 
letter, and the two names may not agree in gender ; thus we have 
such names as Cratfiegus Oxyacantha, -ZEthusa Cynapium, Viburnum 
Opulus, Veronica Chameadrys. To the genus and species are •added 
certain letters, indicating the botanist who founded them. Thus Va- 
leriana L. is the genus Valerian, as constituted by Linnsaus, and 
Valeriana officinalis L. is the officinal Valerian, as described by Lin- 
naeus ; Oxytropis, DO., is the genus so called by De Candolle. Some- 
times authors happen to describe the same plant by difierent names. 
It is of importance, therefore, to give the Synonymes of other botanists, 
with their names. Thus Salvadora persica of Garcin is S. Wightii 
of Amott, and S. indica of Wight^s Illustrations. 

1082. After the description of a plant we usually mention its 
Habitat, that is, the country or province in which it grows, with the 
nature of the locality, whether alpine or lowland, dry or moist, &c. 
When the plant is an annual, this is indicated by the marks A. or ©, 
biennial by B. or perennial by P. or V, a shrub by Sh. or h, and 
a tree by T. If an authentic specimen has been seen from the author 
of the species, then a point of admiration is put before his name 
thus, I DC. De Candolle uses the letters v. v. s. (vidi vivam sponta- 
neam), to indicate that he has seen a living native specimen of the 
plant, V. V. c. (vidi vivam cultam) to mark that he has seen a living 
cultivated specimen, v. s. s. (vidi siccam spontaneam) a dried native 
specimen, v. s. c. (vidi siccam cultam) a dried cultivated specimen. 
Other abbreviations have been noticed under Organography, and a 
tabular view of them will be given with the Glossa^. 



CHAPTER II. 


SYSTEMS OF CLASSIFICATION. 

1083. There are two systems pursued in the arrangement of 
plants ; one is called the Artificial method, and the other the Natural 
method. In both of them the genera and species, or the minor divi- 
sions, are the same, but the higher divisions of classes and orders are 
totally unlike, and are founded on entirely different principles. The 
genera and species are very differently arranged in the two systems. 
In artificial methods one or two organs are selected in an arbitrary 
manner, and they are taken as the means of forming classes and orders; 
while in the natural method plants are grouped according to their 
alliance in all their important characters. Plants belonging to the 
same class and order in the former system may have nothing in com- 
mon except the number of the stamens and pistils, or the form of their 
flowers, or some other arbitrarily selected character ; while in the latter, 
plants in the same class and order are related by true affinity, and 
correspond in all the essential points of their structure and organo- 
graphy. When a student knows the artificial class and order to 
which a plant is to be referred, he does not thereby become acquainted 
with its structure and properties ; plants diametrically opposed in these 
respects may be associated together. When he determines, on the 
other hand, the place of a plant in the natural system, he necessarily 
acquires a knowledge of its structural relations and af^ties. Hence 
a knowledge of the latter system is that which must be the aim of 
every botanical student. 


I. ARTIFICIAL SYSTEMS OF CLASSIFICATION. 

1084. One of the earliest attempts at a methodical arrangement 
of plants was made by Andreas Caesalpinus,* a native of Arezzo in 
Florence, some time Professor of Botany at Padua, and afterwards 
Physician to Pope Clement VIII. He is called by Linnssus, primus 
verus systematicus. In his work De Plantis, published at Florence 
in 1583, he distributed the 1520 plants then toown into fifteen classes, 

* CttMdpinnt (Amdreat), de Plantei libri, xrt. 1668 . 
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tlie distinguiBbiiig characters being taken from the fruit. About the 
year 1670, Dr. Bobert Morison* of Aberdeen published a systematic 
arrangement of plants. He divided them into eighteen classes, distin- 
guishing plants according as they were woody or herbaceous, and 
taking into account the nature of the flowers and fruit. In 1690 
Bivinusf promulgated a classiflcation founded chiefly on the forms of 
the flowers. Toumefort| about the same time took up the subject of 
vegetable Taxonomy. He was a cotemporary of Bay, and was Pro- 
fessor of Botany at Paris in 1683. He was long at the head of the 
French School of Botany, and published a systematic arrangement in 
1694-1700. He described about 8000 species of plants, and distri- 
buted them into twenty-two classes, chiefly according to the fonn of 
the corolla, distinguishing herbs and under-shrubs on the one hand 
from trees and shrubs on the other. The system of Toumefort was 
for a long time adopted on the Continent, but was ultimately displaced 
by that of Linnmus. 

1085. Carl von Linne, or, as he is commonly called, Linn83us,§ was 
bom on the 23d of May 1707, at the village of Booshoolt (BA^ult), 
in Smaland, a province of Sweden, where his father, Nicholas Linnasus, 
was clergyman. He entered as a pupil at the University of Lund, and 
about the years 1727-28, was received into the house of Stobaeus, a 
physician in that city, where he had abundant opportunities of prose- 
cuting Natural History. He afterwards proceeded to Upsal, and had 
to struggle with great difficulties during his studies there. He aided 
Celsius in his Hierobotanicon or account of the plants of Scripture, and 
he became assistant to Rudbeck, professor of botany. He afterwards 
travelled in Lapland, took his degree in Holland, visited England, and 
commenced practice in Stockholm, where he lectured on botany and 
mineralogy. He Anally became professor of botany at Upsal, and was 
one of the most popular lecturers of the day. He died on the 8th of 
January 1778, in the 71st year of his age. His Herbarium is now in 
the possession of the Linnssan Society. 

1086. One of his biographers, in summing up his merits, says, — 
“Educated in the severe school of adversity, accustomed from his 
earliest youth to put a high value on verbal accuracy and logical pre- 
cision ; endowed with a powerful understanding, and capable of under- 
going immense fatigue, both of body and mind, Linnaeus produced a 
most important revolution in botanical science. He improved the dis- 
tinctions of genera and species, introduced a better nomenclature on 
the binomial method, and invented a new and comprehensive system 
founded on the stamens and pistils. His verbal accuracy and the remark- 
able terseness of his technical language, reduced the crude matter that 

* Mbriflon, Preelndia Botanies, 1072. Fluntarum Historla Universalis, 16S0. 

t Rlvlntts (AngnstuB Qnlrlnns) paterae nomine Bachmaon, Introductio GoneralJs in Bern Hor- 
barluin, lipsi^ 1680. 

t TiStiraefort, Eltfmens de Botaniqoa, 1684. IiistitnUonea Bei Herbarte, 1700. 

t LinnaBas,SysteinaNatinls,1786| Genera Plantaram, 1787,* PhiloiophiaBotanlca,1761 ; Species 
Plantaram, 1768. 
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WSB stored up in the folios of his predecessors into a form which was 
aocesidble to all men. He separated with singular skill the important 
from the unimportant in their descriptions. He arranged their endless 
synonymes with a patience and a lucid order that were quite inimitable. 
By requiring all species to be capable of a rigorous definition, not exceed* 
ing twelve words, he purified Botany from the endless varieties of the 
gardeners and herbalists ; and by applying the same strict principles 
to jgenera, and reducing every character to its differential terms, he 
got rid of the cumbrous descriptions of the old writers." It is said of 
Linnseus, that although no man of science ever exercised a greater 
sway, or had more enthusiastic admirers, yet his merit was not so 
much that of a discoverer as of a judicious and strenuous reformer. 
The knowledge which he displayed, and the value and simplicity of the 
improvements which he proposed, secured the universal adoption of 
his suggestions, and crowned him mth a success altogether unparal- 
leled in the annals of science. 

1087. The system of Linnceus is founded on the sexes of plants, and 
hence it is often denominated the sexual system. It is called an arti- 
ficial method because it takes into accoimt only a few marked charac- 
ters in plants, and does not propose to unite them by natural affinities. 
It is an index to a department of the book of nature, and as such is 
useful to the student. It does not aspire to any higher character, and 
although it cannot be looked upon as a scientific and natural arrange- 
ment, still it has a certain facility of application which commends it 
to the tyro. In using it, however, let it ever be remembered, that it 
will not of itself give the student any view of the true relations of 
plants as regards structure and properties, and that by leading to the 
discovery of the name of a plant, it is only a stepping-stone to the 
natural system. Linnaeus himself claimed nothing higher for it. He 
says — Method! Naturalis fragmenta studiose inquirenda sunt. Primum 
ct ultimum hoc in Botanicis desideratum est. Natura non facit saltus. 
Plantse omnes utrinque affinitatem monstrant uti territorium in mappa 
geographica.* Accordingly, besides his artificial index, he also pro- 
mulgated fragments of a natural method of arrangement. 

1088. In the artificial system of Linnseus, plants are divided into 
Flowering and Flowerless — ^the latter being included in the twenty- 
fourth class, under the name of Cryptogamia, and the former, or Phanero- 
gamia, being divided into twenty-three classes, the characters of which 
are founded on the number, the insertion or position, the relative length, 
and the connection of the stamens. Among flowerless plants the orders 
are similar to those of the natural system, while in flowering plants 
they are determined by the number of the styles, the character of the 
fruit, the number and connection of the stamens in those classes where 
these characters are not already taken into consideration, and on the 
hermaphrodite or unisexual nature of the flowers. 

1089. The first eleven classes are determined by the number of 

* li/lim, Phtlof. BotsnicA, Stockholm. 1751, p. 87. 
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the stamens, the term cmdria being employed to express male or stamen, 
and the Greek numerals being prefixed. In these classes there are 
stamens and pistils in every flower, the stamens are distmct from each 
other, and although they may differ in length, yet these differences 
are not in the ratio of two long and two short, or of four long and 
two short. 

Class I. Monandbu.-— plants having flowers with one stamen, as Hip- 
puris, OentranthuB (Fig. 556, p. 210). 

— II. Biabdbia — flowers with two stamens, as Veronica (Pig, 559, 

p. 211), Ash (Fig. 638, p. 231), Lilac, Salvia. There is one 
British grass in this class. 

— III. TaiAKDBiA — ^flowers with three stamens, as Wheat (Fig. 637, p. 

231), Oat (Fig. 565, p. 212), and many Grasses, Scirpus (Fig. 
635, p. 230), Valerian (Fig. 496, p. 198), Iris. Many of the 
plants are Monocotyledonous. 

— IV. TETBAirnBiA — ^flowers with four stamens, as Alchemilla (Fig. 585, 

p. 219), Galium, Plantago. The stamens in this class do not 
differ in length in the proportion of two long and two short. 

— V. Pbntandria — flowers with five stamens, as Vitis (Fig. 571, p, 

216), Chenopodium (Pig. 412, p. 174), Campanula, Primula, 
Solanum, Umbelliferous plants. This class embraces a large 
number of Dicotyledons. 

— VI. Hexandria — ^ flowers with six stamens, as Narcissus (Fig. 569, 

p. 214), Lily (Pigs. 411, 413, p. 174), Tulip (Fig. 593, p. 220), 
Ilyacinth, Luzula (Fig. 572, p. 215). This class contains many 
Monocotyledons. The six stamens do not differ in length in 
the proportion of four long and two short. 

— VII. Hbptandria — flowers with seven stamens, 

as JSsculus (Fig. 335, p. 143). This class 
contains only one British plant, Trien- 
talis europaea (Fig. 1309). 

— VIII. OcTANDRiA — ^flowers with eight stamens, as 

Erica, Vaccinium, Paris. 

— IX. Ekitbabdria — flowers with nine stamens, 

as Rhubarb (Fig. 577, p. 216), There is 
only one British plant in this class, Bu- 
tomus umbellatus. 

— X. Decandria — ^ flowers with ten stamens, as 

Sedum (Fig. 525, p. 204), Saxifraga, Di- Fij? 1309. 
anthus. 

— XI. Dodboandbia — flowers with twelve to nineteen stamens, as Re- 

seda, Asarum. 

The two succeeding classes contain plants with hermaphrodite flowers, 
having twenty or more unconnected stamens : — 



Pig. 1 « 09 . European Chickwced Winter-green (TrieataUs iuroptta), the only Bntiih plant in the 
elaat Heptandria of lanneuf. 
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CAmi XII. loosASSKiA-^flowen with twenty or more itameBi ineerted on 
th« calyx— -or in oijj^ words, perigynous— 4ui in Roflaccomi 
plants, Pear (Pig. 395, p. 165), Opuntia (Pig. 589, p. 219), 
Cherry (Pig. 612, p. 227). 

— XIll. PoLTANDXiA— dowers with twenty or more stamens inserted on 

the reoeptaclo— in other words, hypogynous— as in Banunculus, 
Papayer (Pig. 611, p. 226), Anemone. 

The characters of the two next classes are founded on the relative 
length of the stamens, the flowers being at the same time perfect, 
the stamens usually unconnected, but sometimes united by their 
anthers : — 

Class XIV. Didynamia (meaning superiority of two) — ^flowers having four 
stamens, two of which are long and two short, the latter being 
next each other, as in Antirrhinum (Fig. 625, p. 229), Lamium, 
Scrophularia, Gloxinia. 

— XV. Tbtbadyi 7AMIA (meaning superiority of four) — flowers having 

six stamens, of which four are long and two short ; the long 
stamens are in pairs opposite to each other, and the short sta> 
mens are inserted on either side between the pairs, as in Wall- 
flower (Pigs. 409 and 410, p. 173), and in (^ciferous plants 
generally. 

The four following classes are determined by the connection or iinion 
of the stamens — union taking place by their filaments or by their 
anthers ; — 

Class XVI. Mobadblphia (meaning a single brotherhood) — ^stamens united 
by their filaments, so as to form a single tube or column 
roimd the pistil, as in Malva (Fig. 604, p, 222, and Pig. 618, 
p. 228), Geranium. 

— XVII. Diadblfhia (meaning two brotherhoods) — stamens united 

into two sets or bundles by their filaments, as in Lathyrus 
(Fig. 620, p. 228), and in many Papilionaceous flowers ; 
Polygala, Fumaria. In many instances the sets are unequal — 
nine stamens forming one, and a single stamen forming the 
other. 

— XVIIl. PoLTADXLPHiA (meaning many brotherhoods) — stamens united 

into more than two sets or bundles by their filaments, as in 
Hypericum (Fig. 621, p. 228). The only British genus in 
this class is Hypericum (St. JohnVwort) ; it contains many 
species. 

— XIX. Stjtqbitbsia (meaning growing together) — stamens united to- 

gether by their anthers, as in Senecio (Fig. 105, p. 45), and 
other Composite flowers. 

In the next class thje character is founded on the union between the 
stamens and pistil : — 
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O1m0 XX. Gthaubbia (me«mng pistil and stamen)— -staiiMiui and styles 
united together jn one oo^n, as in Orchis (Fig. 616, p. 826), 
Aristolochia (Fig. 617, p. 226), Asclepias (Fig. 657, p. 236). 

In the three succeeding classes the flowers are unisexual, some con- 
taining stamens only, others, pistils only : — 

Class XXL Movoboia (meaning one household)— flowers with stamens only 
and others with pistils only on the same plant, as in the 
Hazel (Fig. 682, p. 217), Euphorbia (Fig. 606, p. 200), Carex, 
Arum, Finns. 

— XXII. Dkeoia (meaning two households) — ^flowers with stamens only 

and others with pistils only on separate plants, as in the 
Willow (Fig. 390, p. 162, Pigs. 678, 679, p. 216), Hemp (Pig. 
574, p. 216), Hop, Poplar. 

— XXIII. PoLTGAMiA (meaning many marriages) — stamens and pistils 

separate in some flowers and united in others, either on the 
same or on difierent individuals, as in some Palms, Atriplex. 
The British genera in this class are Atriplex, Obione, and 
perhaps Parietaria. 

The last class includes Flowerless plants. 

Class XXI y. Cryptoqamia— plants in which, as implied in the name, the 
organs of reproduction are concealed, as in Ferns (Fig. 969, 
p. 324), Mosses (Fig. 1003, p. 336), Lichens (Pig. 1013, p. 
342), Fungi (Fig, 1031, p. 347), and Sea-weeds (Fig. 1046, 
p. 362). 

1090. The Orders in the first thirteen classes of the Linnaean 
system are determined by the number of the styles, or of the stigmas 
when there are no styles. The term gynia is applied to them (mean- 
ing female or pistil), with the prefix of a Greek numeral. 

Order 1 . Moxoqynia, includes plants in the first thirteen classes, with one 
style to each flower, as in Primula (Fig. 699, p. 246), Tobacco 
(Fig. 416, p. 175). 

— 2. Diqynia, includes those with two styles, as in Dianthus (Fig. 

691, p. 243). 

— 3. Teioynia, those with three styles, as in Silene. 

— 4. Tbteaoykia, those with four styles, as in Paris. 

— 5. Fbntaoynia, those with five styles, as in Columbine (Fig. 416, 

p. 175), S^um (Fig. 680, p. 241), Flax, (Fig. 692, p. 245). 

— 6. Hbxaoyxia, those with six styles, as in Butomus. 

— 7. Heptagynia, those with seven styles. 

— 8. OoTOGYXiA, those with eight styles. 

— 9. Envsaqyxia, those with nine styles. 

— 10. Dxoagtnia, those with ten styles, as in Phytolacca. 
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Order 11. Oodicaotnza^ those with eleven or twelve styles, as in Semper- 
vivum, ^ 

12. PoLTOTNiA, those with more than twelve styles, as in Banunculus 
(Fig. 694, p. 245), Strawberry, (Pig. 695, p. 245). 

The orders in Class XIV. Didynamia, are distinguished by their seed- * 
vessels : — 

1. Gtmvobpsbmia (meaning naked seeds) the fruit consisting of single- 

seeded Achenes, which Linnssus mistook for naked seeds, as in Dead- 
nettle (Fig. 339, p. 145), and other Labiates. 

2. Anqiobp£Emia (meaning seeds in a seed-vessel), numerous seeds enclosed 

in an evident pericarp or seed-vessel, which is often bilocular, as in 
Scrophularia (Fig. 789, p. 269). 

The orders in Class XV. Tetradynamia, are also distinguished by the 
fruit: — 

1. SiLicuLOSA, fruit, a Silicle or short pod, as in Capsella (Fig. 805, p. 

273), and Draba (Fig. 804, p. 273). 

2. SiLiQuosA, fruit, a Siliqua or long pod, as in Wallflower (Fig. 803, 

p. 273). 

The orders of Classes XVI. XVII. XVIII. are distinguished by the 
number of the stamens, that character not being taken into account in 
forming these classes. The orders are named in the same way as 
the classes, thus : — 

1. Triandria, with three stamens, as in Tamarind ; 2. Pentandria, with five, 
as in Passiflora,£rodium ; 3. Hexandria, with six, as in Fumaria ; 4. 
Heptandria, with seven, as in Pelargonium ; 6. Octandria, with eight, 
as in Polygala ; 6. Decandria, with ten, as in Geranium, Genista, 
Lathyrus, and many Papilionaceous flowers ; 7. Dodecandria, with 
twelve ; 8. Polyandria, with twenty or more, as in Hibiscus, Malva, 
Hypericum. 

In Class XIX, the orders are determined by the state of the flowers, 
whether hermaphrodite or unisexual, or having separate involucres. 
At first Linnseus included all synantherous plants, and put such genera 
as Viola, Lobelia, and Siphocampylus, in a separate order, denominated 
Monogamia. Afterwards, however, he made the class a natural one, 
by including only compound flowers (Composites). The following are 
the orders : — 

1. PoLTGAMiA .^QUALIS (Fig. 1310, n), (meaning flowers all equal). The 

flowers in the Oapitula are all perfect — that is, each of them has 
stamens and pistil, as in Dandelion (Fig. 361, p. 153). 

2. PoLVGAMiA SuPBaFLUA (Fig. 1310, 5), (meaning some flowers super- 

fluous). The flowers of the disk, or centre of the Oapitula, are 
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henxutphrodite (Pig. 105, p. 45), while those of the ray or of the 
margin are pistillate (Figs. 3^, 353, p« 209), and are fertilised 
by the pollen of the central Sowers, as in the Daisy. ^ 

3. POLYGAMIA PEtrsTEANBA (Fig. 1310, <f), (meaning some flowers neuter). 

The flowers of the disk or centre are p^ect (hermaphrodite), those 
of the ray are neutral (having either abortive pistils or none), as 
in Oentaurea (Fig. 392, p. 163), which is the only British genus 
in the order. The marginal flowers, in such instances, often be> 
come very large and showy. 

4 . PoLTGAMiA NboBssaria (Fig. 1310 , c), (meaning central and marginal 

flowers necessary for perfect seed). The flowers of the disk are 
staminate, those of the ray are pistillate, as in Calendula (Fig. 371, 
p. 156). No British plants are found in this order. 

5. PoLYOAMiA Seqregata (Fig. 1310, s), (meaning flowers separated), each 

flower of the Oapittdum separated from the others by a distinct 
involucre, as in Echinops (Globe- thistle). No British .plants are 
found in this order. 



k p h pa H h 

rig. 1810. 


6. MoKoaAHiA (meaning that the flowers are single and not compound), 
solitary flowers — that is, not collected in a Oapitulum, but with 
united anthers, as in Viola, Lobelia. This order was afterwards abo* 
lished, and the plants contained in it were referred to the class indi* 
cated by the number of the stamens (Pentandria). 

In Classes XX. XXI. and XXII. the number of the stamens which is 
not taken into account in determining the classes is used to distinguish 
the orders : — 

1. Monandria, one stamen, as Orchis, Euphorbia, (Fig. 506, p. 200, and 
Fig. 610, p. 226). 2. Diandria, two stamens, as Stylidium, Oypri- 
pedium, Lenma (Fig. 603, p. 221), Salix (Figs. 578, 579, p. 216.) 
3. Triandria, three stamens, as Oarex (Fig. 634, p. 230), Phoenix. 
‘ 4. Tetrandria, four stamens, as Urtica (Fig. 628, p. 229), Myrica. 5. 
Pentandria, five stamens, as Humulus, Cannabis (Fig. 574, p. 216). 
6. Hexandria, six stamens, as Aristolochia (Fig. 61 7, p. 228), Cocos, 

Hg. 1810. These Pigurei illnitrate the orders of the clast Syngenesia of Linnsens, and the mb- 
diTiiiona of the natural order CompoaiteB. Folygemia equalia^ «, with the flowers all hermaphrodite, 
h s the Qfrtry, style, and stigma are represented as situated on the receptacle with the united anthers 
sunroonding the style. Ftitygamia awpatfitu^ 6, In which the tubular or floscnlar ni the 

disk, A are hermaphrodite, and the ligulate flowers of the ray, p, are pistillate ud fertile. Foly- 
gamuk naaamria, e, in whidi the flowers of the dtak or centre, a, are st^inate, while those of the ray 
or margin, f , are pistillate and fertile. Polygamia fnatrtmea^ d, in which ttic flowers of the tok, A 
are hermaphrodite, those of ttie ray, h, are neutral or abortive. Polygamia atgragaUt, a, in which the 
flowers, if are fnvolucrate. 
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TaiBiUB. 7. OctMidria^ eight stamens, as Populns, Coi7ltts (Fig. 
388, p. 161). 8. Enneandria, nine stam^ as Mercuiialis. 9. 

Becamdria, ten stamens. 10. Dodecandria, twelve stamens, as 
Stiatiotes. 11. Polyandria, stamens oo, as Poterium* 12. Mona- 
delphia, filaments united in one tube, as Pinus, Anacharis, Taxus 
(Fig. 619, p. 228). 13. Polyadelphia^ filaments united in many 
dusters, as Ricinus (Fig. 622, p. 229). 

In Class XXIII. the orders are founded on the position of the herma- 
phrodite, staminate, and pistillate flowers : — 

1. Mon(ECIA, hermaphrodite, staminate, and pistillate flowers on the same 

plant, as Parietaria, Acacia, Atriplex. 

2. Dkecia, hermaphrodite flowers on one plant, staminate and pistillate 

flowers on another plant, occasionally in Chameerops (Figs. 680, 681. 
p. 216) and Hippophae. 

3. Trkegia, hermaphrodite flowers on one plant, staminate on a second, 

and pistillate on a third. 

In Class XXrV. the orders are the same as in the natural system, 
and therefore not definable by a single character : — 

1. Filices, Ferns (Fig. 969, p. 324). 2. Musci, Mosses (Fig. 1003, p. 336). 
3. Hepaticee, Liverworts (Fig. 1007, p. 337). 4. Lichenes, Lichens 
(Fig. 1013, p. 342). 6. Algas, Seaweeds (Fig. 1046, p. ^2). 6. 

Fungi, Muslurooms (Fig. 1031, p. 347). 

1091. The system of Linnaeus, even when regarded simply as an 
index to the vegetable kingdom, is by no means complete. The parts 
of flowers often vary in number, and cannot be confined within the 
strict rules required by this method of arrangement ; moreover, unless 
the stamens and pistils are perfect and complete, and the plant is in 
full flower, it is impossible to determine its class and order. When 
the system is rigidly adhered to, we find that species belonging to the 
same genus are separated. Thus the genus Lychnis has most of its 
species hermaphrodite, with ten stamens and five styles, but there is 
at least one British species dioecious. In order, therefore, to keep the 
genus entire, and not separate the species, Linnaeus adopted the plan 
of putting Lychnis in the class Decandria and order Pentagynia, and 
under the class Dioecia order Decandria, placing the name of the 
dioecious species, and referring the student to the 10th class for a de- 
scription. In this way the genera — which are founded on natural 
ajSSnities, and are not constructed by a mere arbitrary method — are 
preserved in their integrity. All the species of one genus are placed 
together, whether they accord or not with the characters of the class 
and order ; the place of the genus being determined by the characters 
of the majority of the species. The names of the anomalous species 
are given in italics, in the classes and orders to which they l^long 
according to the Linnssan method, and reference is made to the descrip- 
tion of them as given under the genus. 
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1092. Key to the Olwes and Orders of the Linncsan artificial sys- 
tem : — 

A. FLoinBiNo Plaittb, Phavbbooamia. 

1. Stamens and ^stOs in every flower. 

1. Stuneui uneoDnected. 

a. Stamens either of equal length, or at aU events neither didynamoui nor tetrady- 
namoui; 


d. 



12 to 19, 

20 or ) perigynoui .... 
more, j hypogynous ... 


II. Biandria 

III. Triaudria ... 

IV. Tetnindria ... 
V. Peutandria... 
VI. Hexandria ... 

VII. Heptandria... 
YIII. Octondria ... 
IX. FiOneandriB... 

X. Becandria ... 

XI. Bodecaudria 
XII. Icosandria ... 
Xni. Polyandria... 


Stamens diflering in length in certain proportions : 
Two long and two short XIV. Bidynamia... j 
Fonr long and two short XV. Tetradynamia j 


2. Stamens connected^ 

XVI. M«,* I" 
XVII. Di-delphi.... j 
XVni. Po1,.de.pl.ia [ 


XIX.8,ngen..ia. ] 


^ Gynandria... j 


II. Stamens and Pistils in separate flowers. 


On the same Plant XXI. Monoecia ... 

On separate Plants XXII. Buscia 


HI, Stamens and Pistils in\ 
the same and in sepa-f 
rate flowers onthesame C 
or on separate Plants ) 


XXIIl. Polygamia 


B. Flowbblbss Plants. 




2 . BigynTa 2 free Styles. 

— 8. Tngynid 8 — 

— 4. Tetragynia 4 — - 

— 5. Pentagynia 6 — 

— 6. Hexigynia 8 

— 7. Hepta^ia 7 — 

— 8. Ootogynia 8 — 

— 9. Enneagynia 9 — 

— 10. Becagynia 10 — 

— 11. Bodecagynia 12 to 19 

12. Polygyma 20 or more. 


OMer 1. Gymospermia Frnit, Achenes. 

— 2. Angiospermia ...Frnit,CMsular. 

Order 1. Silioulosa Frnit,aSiIirulB. 

— 2. Silionosa Fruit, a Siliona. 


Order Triandria 8 Stamens. 

— Pentandria. 6 — 

— Becandria 10 — 

— rs=‘.. 

and so on as in the first 18 Classes. 

Order 1. Polygamia squalis, florets all 9. 

— 2. Polygamia superflua, florets of 

the disk 9, those of the ray 
but fertile. 

— 8. Polygamia frustranea, florets of 

the disk tliose of the ray 

abortive. 

— 4. Polygamia necessaria, florets of 

the disk, A, those of the ray $, 
and fertile. 

5. FolvKamla segregata, each flower 
wiUr a separate involucre. 

Order Monandria 1 Stamen. 

— Biandria 2 Stamens. 

and so on as in the first 18 Classes. 


Order Monandria 1 Stamen. 

— Biandria 2 Stamens. 

— Hexandria 6 — 

- Polyandria f^SJnl. 

and BO on as in the first 13 passes. 

Order MonedelpMa | 

r Order 1. Monoecia, J, J, and ? on the 
same plant. 


— 2. BioBcia, S* P^*”**- 

— 8. Triceda, S, J, ?, on three plants. 


Order 1. Filices, Ferns. 

_ 2. Musci, Mosses. 

— 8. Hepaticse, Liverworts. 

. 4. Licoenes, Lichens. 

' ^ 6. Algtt. Ses-weeds. 

— 6. Fungi, Mushrooms. 
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1093. The Linmean method is sometimeB used as an index to the 
natural system, as seen in the British Floras of Hooker a*nd Amott, 
and of Babington. When we keep the system iin its proper place, 
there is no fear of the student being misled by false ideas of its 
value. It has been well remarked by Professor Edward Forbes : — 
“ Those who slightingly think of the Linnsean system forget in 
the present to look back fiilly and fairly on the past. They should 
remind themselves of the state in which Botany was when Linnaeus 
undertook to make its treasures consultable. The understanding of 
things depends greatly on the perception of their order and relations. 
When that order and those relations require deep study ere we can 
comprehend them clearly, the man who gives us a clue, however insig- 
nificant it may be in its own nature, is not only conferring on us an 
invaluable benefit, but endowing the despised instrument with golden 
value. Such a clue did Linnaeus give when he put forth his system. 
The scientific systematist, surrounded by the stores of his herbarium, 
should not forget that those treasures were often amassed in the first 
instance by adventurous and earnest men, rendering good Service by 
their hands and energy, as good in its humble way as that which he 
gives by his head and philosophy. It was not to be expected of such 
men that in the field they should occupy themselves with thoughts of 
arrangement and affinity ; their part was to observe and select, and 
the guide to their observation and selection was in most cases no other 
than the Linnsean system. An easy means of acquiring and arranging 
information is a great help to the workmen of science, and no depart- 
ment has gained more thereby than Botany, which, through the 
facilities afforded by the artificial method devised by Linnseus, has had 
its facts amassed in enormous quantity for the use of its more philo- 
sophic votaries, and owes its present advanced state in a great measure 
to such humble means. The clue to the labyrinth then having served 
such noble purposes becomes a consecrated object, and should rather 
be hung up in the temple than thrown aside with ignominy.*^* 

1094. Artificial aids are required in all systems of classification. 
Hence we find that many authors have adopted a method of analysis 
in order to detect the place of a plant in the system, and to ascertain 
its name. This process of analysis is one which we naturally adopt 
in discriminating objects. It was suggested by Lamarck, and has been 
used by Lindley and other advocates of a natural method. It is also 
applied to the Linnaean system, and it may be illustrated by a quota- 
tion firom Half s work entitled Analysis of the British Flora. It will 
be seen that there are two characters given, one of which must belong 
to the plant under examination, and by a process of analysis the student 
proceqfls from one to an(^er until he determines the genus or species. 
Th\is in the following analytical table, a plant belonging to Didy- 
namia Ang^ospermia is under consideration. If it has a superior 
perianth, and is a British plant, it must be Linniea ; if the perianth is 

* Porbev, Introdnctory Lecture delivered in Rlng'c College, London 
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inferior, wo proceed to No. 2, and then we determine whether it is 
leafless and scaly, or possesses leaves. In the former case we are 
referred to No. 8, and find that the plant is either Lathrsea or Oro- 
banche ; in the latter we proceed to No. 4, and so on. 

1095. Analytical method of ascertaining the name of a plant : — 


I 


9. 


10 . 


i 


n.{ 

>*•{ 


13. 


14. 


I 


Class Didtnamia, Order Akoiospbbmia. 


Perianth superior Linnssa. 

Perianth inferior 2 

Plant leafless, scaly 3 

Plant with leaves . 4 

Corolla with upper lip galeate entire . . Lathrssa. 

Corolla ringent 4-5 cleft Orobanche. 

Seeds 2-4, pericarp evanescent . . . Verbena. 

Seeds numerous, pericarp not evanescent 6 

Calyx inflated 6 

Calyx not inflated 7 

Calyx 4-toothed Rhinanthus. 

Calyx 5 toothed Pedicularis. . 

Calyx 4-toothed 8 

Calyx 5-parted 10 

Capsule 2 -seeded Melampynun. 

Capsule many-seeded 9 

Upper lip of Corolla notched .... Euphrasia. 

Upper lip of Corolla entire Bartsia. 

Corolla gibbous or spurred at the base . 11 

Corolla not gibbous nor spurred ... 12 

Corolla spurred Linaria. 

Corolla gibbous Antirrhinum. 

Corolla nearly regular 13 

Corolla irregular 14 

Corolla rotate Sibthorpia. 

Corolla campanulate Limosella. 

Corolla subgiobose Scrophularia. 

Corolla campanulate Digitalis. 


The same method may be pursued in regard to the species of a genus, 
as well as in regard to the orders of the natural system.* 


IL NATURAL SYSTEM OF CLASSIFICATION. 

1096. In arranging plants according to the Natural System, the 
object is to bring together those which are allied in all essential points 
of structure. It is called natural, because it proposes to follo^ the 
system of Nature, and thus takes into accorfht the true affinities of 
plants on a comparison of all their organs. One of the first natural 

* See Lindley’i Elemente of Botany, and Ralf’e Work already referred to in the text. 
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methods of classifioation was that proposed by Bay about 1682.^ He 
separated flowering from flowerless plants, and divided the former into 
Dicotyledons and Monocotyledons. His orders were founded on correct 
views of the afiSnities of plants, and he far outstripped his cotempo* 
raries in his enlightened views of arrangement. He may be said to 
have laid the foundation of that system which has been elucidated by 
the labours of Jussieu, De Candolle, Brown, Lindley, Endlicher, and 
others, 

1097. Antoine Laurent de Jussieu, the great leader in the natural 
method of classification, was bom at Lyons in 1748, and was educated 
at Paris under the care of his uncle, Bernard de Jussieu. At an early 
age he became Botanical Demonstrator in the Jardin des Plantes, and 
was thus led to devote his time to the science of Botany. Being called 
upon to arrange the plants in the garden, he necessarily had to coni^- 
der the best method of doing so, and adopted a system founded in a 
certain degree on that of Bay, in which he embraced a 11 the discoveries 
in organography, adopted the simplicity of the Linnaean definitions, and 
displayed the natural affinities of plants. Jussieu subsequently became 
Professor of Eural Botany, and he died in 1836 at the age of 88. 

1098. The system of Jussieu made its way slowly in this country, 
and it was not until Bobert Brown brought it under notice that it was 
adopted.f It is now the basis of all natural classifications. One of 
the early supporters of this natural method was Auguste Pyrame 
De Candolle, who was born in 1778, and who, after attending the 
lectures of Vaucher at Geneva, devoted himself to botanical piursuits. 
He subsequently prosecuted his studies at Paris, and lectured on Botany 
at the College of France. He commenced his publications in 1802, 
and in 1804 he promulgated his Elementary Principles of Botany. 
In 1807 he became Professor of Botany at Montpellier, and in 1816 
he was appointed to the Chair of Natural History at Geneva, with the 
charge of the Botanic Garden. In that city he carried on his fiiture 
botanical labours, and began his Prodromus Systematis Universalis Begni 
Vegetabilis, which was intended to embrace an arrangement and descrip- 
tion of all known plants. He was enabled to complete eight volumes of 
the work before his death, and it has since been carried on by his son 
Alphonse De Candolle, with the aid of other eminent botanists. The 
system followed by De Candolle is a modification of that of Jussieu, 
and it is generally adopted at the present day. De Candolle*s own her- 
barium was extremely rich. He had visited and carefully examined 
many of the most extensive collections, especially those of Paris ; 
and many entire collections, as well as separate femilies, in which he 
was specially engaged, were from time to time submitted to his exami* 
nation by their possessors. He had thus opportunities of comparison 
greatly 'l^yond what in ordinary circumstances fall to the lot of an 

* Bay, Methodni r^antnnun, 1682 ; and Mothodus Plantanim emendata et aacta, 1706. 
t Brown, Prodromus Flora Nov* Hollandim, 1810. 
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individual. His libraiy, too, was stored with almost every important 
publication that could be required for his undertaking. With such 
ample materials, aided by his untiring seal and the persevering energy 
of his character, he steadily pursued his allotted task, and only ceased 
to labour at it when he ceased to live* For 'some years his health 
declined, and it is to be feared that the severe and dncessant attention 
which he paid to the elaboration of the great family of Compositse had 
made a deep inroad upon it. As a relaxation from his labours he un- 
dertook in the last years of his life a long journey, and attended the 
scientific meeting held at Turin ; but he did not derive from this the 
anticipated improvement in his health, which gradually failed until his 
death, on the 9th September 1841.* 

1099. In arranging plants according to a natural method, we 
require to have a thorough knowledge of structural and morphological 
botany, and hence we find that the advances made in the latter de- 
partments have materially aided the efforts of systematic botanists. 
We may regard plants in various points of view, either with refer- 
ence to their elementary tissues, their nutiitive, or their reproductive 
organs. The first two are the most important, as being essential for 
the life of individuals, while the latter are concerned in the propaga- 
tion of the species. These sets of organs bear a certain relation to 
each other, and we find that plants may be associated by a correspon- 
dence in all of them. In comparing the characters of plants, we must 
take care that we contrast organs belonging to the same class of func- 
tions, and the value of the characters must depend upon the importance 
of the functions performed by the organs. 

1100. Henslow gives the following rules for fixmg the subordina- 
tion and relative values of characters ; — 1. When two organs, belong- 
ing to different classes of functions, have the same relative value in 
their respective series, that organ will possess the greatest value which 
belongs to the most important function. 2. Those organs of the same 
series are of the greatest value which are of the most general occur- 
rence. 3. The adhesion which often subsists between an inferior and 
a superior organ, serves to point out the relative value of any two of 
the former ; since it will be the same as that which was previously 
established for those of the latter, to which they respectively adhere. 

4. The greater degree to which an organ is liable to vary, indicates 
an inferiority of value. Thus, the shape of the leaves is of little 
importance beyond determining the specific distinctions of plants. 

5. The relative periods at which organs are formed and developed 
may also be taken as some test of their relative importance ; those 
which are earliest formed being considered more important than 
others, with which they are immediately connected, of the same 
class.f 

* Daubeny, Sketch of the Wntingi aud Philoeophical Character of Augustin Pyramus De CaudoUe, 
m Edu). New PhUoo. Journal for April 1843. DunaJ* Elogc Hiitonque de A. F. De Candolle, Mont- 
pellier, 184S. 

t Uenslow, Prmriples of Deariiptive and Physiological Botany, p. 14(). 
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] 101. The following table illustrates the relative values of organs 
belonging to the elementary tissues, and to the nutritive and the re- 
productive functions : — 


Bdattva Elementarjr TiNvei. 
Values. 

1. Cellular Tissue. 

' Yascular Tissue. 
Spiral vessels. 
a J Porous vessels. 
Scalariform 
vessels. 
Stomata. 


NotritiTe Organe. 

’ Embryo. 

Cotyledon, 
j Badicle. 
Plumule. 
Spore. 

Prothallus. 
Descending Axis. 
Ascending Axis. 

Leaf. 

Frond. 

Thallus. 


4 . 


5 . 


BeprodnctiTe Organa. 


' Stamens and Pistils. 
Antheridia and 

I Archegonia. 

Fruit. 

Pericarp. 

Theca. 

rPerianth. 

■< Calyx. 

( Corolla, 
r Inflorescence. 

•< Thalamus. 

{Bracts and Involucre. 


1102. Cellular tissue is reckoned of the highest value, as being of 
universal occurrence, and as carrying on, in many instances, all the 
functions of plants. In considering the elementary tissues alone, we 
divide all plants into Cellular and Vascular — the former including the 
lower tribes, such as Lichens, Seaweeds, and Mushrooms, the latter in- 
cluding the higher flowerless plants with scalarifonn vessels, and all the 
flowering plants with spiral vessels. Stomata are found in vascular and 
not in cellular plants. In the nutritive and reproductive organs there 
is nothing which can be considered of the same value as cellular tissue. 
In the nutritive organs the embryo occupies the highest place, and by 
examining it we divide plants into Acotyledonous, having no cotyledons, 
but occasionally producing a prothallus, Monocotyledonous, with one 
cotyledon, and Dicotyledonous, with two cotyledons. Proceeding to the 
secondary organs in the nutritive class, we find that the root gives rise 
to the divisions of Heterorhizal, Endorhizal, and Exorhizal of Bichard. 
Next the stem is Cellular or Thallogenous, Acrogenous, Endogenous, 
and Exogenous. The thallus is veinless, the frond of Acrogens has 
often a forked venation, the leaves of Endogens are parallel- veined, 
and those of Exogens reticulated. In the reproductive system the 
stamens and pistils occupy the highest place, as being the essential 
organs of flowering plants (Phanerogamia), while antheridia and arcbe- 
gonia have the same value in flowerless plants (Cryptogamia). Suc- 
ceeding these organs in value comes the fniit, which is either a theca 
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with spores, or a pericarp with seed. The floral envelopes are the 
next in the series; they are absent in Cryptogamons plants, and 
present in Phanerogamous ; their arrangement is ternary in Mono- 
cotyledons, quinary and quaternary in Dicotyledons. The inflores- 
cence and bracts, as found in flowering plants, occupy the lowest place 
in the subordination. 

1103. We thus find, that by comparing these different organs in 
plants, we arrive at certain great natural divisions, including plants 
which are associated by affinity of structure and function, as exhibited 
in the following table : — 


Cellular Plants wlthoat 
Veiiels or Stomata. 

Vasonlar Plants with 
Scalariform Vessels, 
and Stomata. 

Vascnlar Plants with Spiinl Vessels, 
and Stomata. 

AcotyledononB. 

Heterorhizal. 

Thallogenoos. 

No Venation. 

Acotyledonons, > 
with ProthaUus./ 
Heterorhizal. 
Acrogenous. 

Forked Venation. 

Monocoiyledonons. 

Endorhizal. 
Endogenous. 
Parallel Venation. 

Dicotyledonous. 

Exorhizal. 
Exogenous. 
Reticulated Venation 

Cryptogamotifl. 
Thec« withSporesd 
or naked Spores./ 

Cryptogamons. 
Thecm with Spores. 

Phanerogamous. | 

Angiospermous or Gymnospermons. 

Flowerless. 

Flowerless. 

Floral Envelopes 
Ternary. 

Flor. Env. Quater- 
nary or Quinary. 

No Inflorescence, 
nor Bracts. 

No Inflorescence, \ 
nor Bracts. / 

Having Inflorescence and Bracts. 


1104. It is impossible to represent the affinities of plants in a 
linear series. Different groups touch each other at several different 
points, and must be considered as alliances connected with certain great 
centres. We find also that it is by no means easy to fix the limits of 
groups. There are constantly aberrant orders, genera and species, 
which form links between the groups, and occupy a sort of interme- 
diate territory. In this, as in all departments of natural science, 
there are no sudden and abrupt changes, but a gradual transition from 
one series to another. Hence exact and rigid definitions cannot be 
carried out. In every natural system there must be a certain latitude 
given to the characters of the groups, and allowance must be made 
for constant anomalies, in as far as man's definitions are concerned. 
Maout considers the vegetable kingdom as divided into three great 
continents^ which are the Classes, Dicotyledons, Monocotyledons, and 
Acotyledons ; each of them is divided into regions^ which are Sub- 
classes; these in their turn are divided into cities^ which are the 
Orders ; the cities into quarters^ which are Genera ; and these into 
houses, which are Species. Continents are separated by seas of diffe- 
rent extent, and there are projecting promontories which make them 
approach at some points ; Eegions are separated by straits or united by 
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istihmtiseB ; Cities commtmicaie by lines and roads, representing a sort of 



Tig 1811 


network. So it is in some degree with Classes, Snb-classes, and Orders.* 

fif 1811. Diagnunfttic view, as ghren by Maont, of fhe afiiiuties between certain ordera among the 
GaBK^talotts Diootyledoiia. In eaohordor there is given a representation of the corolla and Stamms, 
the arrangement of the parts of the flowor, the seed with the embryo, and the ovary oontammg the 
ovnles. The dotted lines indicate the transition from one order to another, and when they are mter- 
mpted ih^ poant ont a want of nmnedidtb connection in that quarter The orders with regi^ coroUss 
bdow are thus ahown to be sqNurated firom those with irregnliur coroUu above. 


Maont, elements de Botanique, p 867 
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1105« In ike great class of DiootyledononB plants there is a sub- 
class called CorollSorse, and under it are inclnd^ numerous Alliances 
and Orders. Taking one of these Alliances, Maout endeavours to 
show the affinities of the Orders by the accompanying diagram (Fig, 
1311). Let us commence with Solanace®. In proceeding from that 
Order to the others we may take two roads, the one represented by the 
pistils, which may be called the Gyncecial road, the other by the corolla 
and stamens, which may be denominated the Andrcecial road. In going 
from Solanacem to Scrophulariacese, we find it impossible to pass by 
the Androscial road, as there is no connection between a regular corolla 
with five stamens, and an irregular one with four unequal stamens, as 
shown in the figure. But if we take the Gynoecial road we are con- 
ducted at once to the Scrophulariaceie, the structure of which is the 
same, since it consists of a double carpel forming a two-celled ovary, 
with many ovules. In passing to Orobanchaceae we go at once by 
tlie Androecial road, as the form of the corolla and the nature of the 
stamens correspond ; but while in both the seeds are albuminous, the 
ovaries differ, for by a partial obliteration of the septum, the ovaiy in 
the Orobanchacefie becomes unilocular in place of bilocular, 

1106. From Solanacese the transition to Boraginaceie is through 
ConvolviilacesB, and we may pass both by the Gynoecial and Androecial 
road. There is in each of the three orders a regular corolla with five 
divisions, and bearing five alternate stamens. From the bilocular 
multi-ovular ovary of Solanaceaa, we pass through the bilocular quadri- 
ovular ovary of Convolvulacese to the four-lobed and quadri-ovular 
ovary of Boraginaceae. The latter have a marked affinity to Labiatae 
as regards the quadri-locular ovary, but differ in having a regular 
corolla, with five e(iual stamens, in place of an irregular one with 
four didynamous ones. The transition from Labiatre to Verbenaceie 
is easy both as regards the Gynoecial and Androecial road; the ir- 
regular corolla with didynamous stamens being found in both, and the 
ovary having four divisions which form separate achaenia in Labiatae, 
and united ones in Verbenacese. We next proceed to Acanthacea?, 
with their irregular flowers and didynamous stamens, and their two- 
celled ovary with four ovules. In this way also there is direct pas- 
sage to Scrophulariaceas, with irregular flowers, didynamous stamens, 
and a two-celled ovary with numerous ovules. 

1107. Thus the circuit is completed, and the affinities of the 
orders, as regards their corolla, stamens, and pistils, are seen. Sola- 
nacesB, Convolvulaceaj, and BoraginacesB have regular corollas with five 
stamens, while the other orders have irregular corollas with didyna- 
mous stamens. The lines indicate the alliance of the first three o^ers 
in this respect, while the interruption of the lines at the margins shows 
the want of correspondence between them and the other orders in their 
corolline characters. In the Gyncecial System we find orders with 
unilocular, bilocular, and quadrilocular ovaries ; the two former being 
either multiovular or quadriovular, and the latter being quadriovular. 
From the bilocular and mnltio\uilar ovary of Solanacese we come to 
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the bilocular quadriovular one of Convolvulaceie) then to the four- 
divided ovaries of Boraginaceie and Labiatie, the quadrilocular ovary 
of VerbenaoesB, the bilocular quadriovular ovary of Acanthace«e, and 
then to the unilocular bicarpellary ovary of Orobanchacese, which leads 
to the bicarpellary bilocular ovaries of Scrophulariaceie and Solanacee. 
The lines connecting them show that there is a transition from the one 
to the other. The orders from ConvolvulacecB to Orobanchace® are 
represented with perisperm surrounding the embryo, while those on 
the other side are usually aperispermic. The direction of the parts 
of the embryo is also shown with the arrangement of the parts of the 
corolla. This must be looked upon as giving a view of the usual 
characters of these orders, and by no means as pointing out all their 
peculiarities. In many of them the stamens, in place of being didyna- 
mous, are reduced to two by abortion, and other variations of a similar 
kind occur. 

1108. Having examined the general principles upon which the 
natural system is founded, we shall now give a sketch of some of the 
more important Taxological plans which have been propounded. 
Jussieu* divided plants into three primary groups — Acotyledones, 
Monocotyledones, and Dicotyledones, and included under them fifteen 
classes. One of the classes is Acotyledonous, three Monocotyledonous, 
and eleven Dicotyledonous. The three Monocotyledonous classes are 
distinguished by the position of the stamens, whether inserted on the 
thalamus (hypogynous), attached to the calyx (perigynous), or to the 
ovary (epigynous). Dicotyledonous plants arc divided into Apetalous 
(monochlamydeous), plants having a calyx only ; Monopetalous (ga- 
mopetalous), plants having united petals ; Polypetalous, plants having 
separate petab ; and Diclinous, plants which are unisexual and incom- 
plete: the last constitutes the fifteenth class, while the other ten 
classes of Dicotyledons included in the other three divisions are deter- 
mined chiefly by the position of the stamens and the corolla in relation 
to the ovary. 

1109. Under these classes he included 100 orders. Class 1, is 
represented by such orders as Fungi, Algae, Musci, Filices. Class 2, 
by Araceae, Cyperaceae, and Gramineae. Class 3, by Palm®, Liliace®, 
Amaiyllidace®, and Iridace®. Glass 4, by Musace® and Orchidace®. 
Class 5, by Aristolochiace®. Class 6, by Proteace®, Lauraceae, Poly- 
gonace®. Class 7, by Amaranthace®, Plantaginace®. Class 8, by 
Acanthace®, Labiat®, Scrophulariace®, Solanace®, Boraginace®, and 
Gentianace®. Class 9, by Ericace®, Campanulace®. Class 10, by 
Composit®. Class 11, by Dipsacace® and Bubiace®. Class 12, by 
Araliace® and Umbellifer®. Class 13, by Banunculace®, Papavera- 
ce», Crucifer®, Acerace®, Hypericace®, Guttifer®, Geraniace®, Mal- 
vace®, and Caryophyllace®. Class 14, by Saxifragace®, Cactace®, 
Onagrace®, Eosace®, and Leguminos®. Class 15, by Angiospermous 
orders, such as Euphorbiace®, Cucurbitace®, and Amentifer®; and 
by Gymnospermous orders, such as Conifer®. 

* (Jlstoine Lanicot i»), Genera Plantamm, eecundum ordinee naturalea diipoeita, 1774. 
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1110. Tabular View of Juasieu^s Natural System. 


Aoottlidoves, 

Moeocottlesoiisis, 


Apetalw, 

(No petalfl). 


g Monopetalae, 

I “j (Petals united). 


{ 

I 


Stamens Hypogynous, 
Stamens Perigynous, 
Stamens Epigynous, 
Stamens Epigynous, 
Stamens Perigynous, 
Stamens Hypogynous, 
Corolla Hypogynous, 
Corolla Perigynous, 


Corolla Epigynous, 


Q 


f Petals Epigynous, 
PolypetalsB, J Petals Hypogynous, 
(Petals separate). ( Petals Perigynous, 
Flowers unisexual, or without a Perianth, 


Class 1. 

II. 

III. 

IV. 
V. 

VI. 

VII. 

VIII. 

IX. 

r X. 


XI. 


XII. 

XIII. 

XIV. 
XV. 


Acotyledones. 
Mono^hypogynss. 
Mono-perigynss. 
Mono-epigynse. 
Epistaminese. 
Penstaminese. 
Hypostamineso. 
Hypocorollse. 
PericorollsD. 
EpicoroUse, Syn- 
antherss. 

(Anthers united). 
EpicoroUss, Cons' 
antherse. 

(Anthers separate.) 

EpipetalsB. 

Hypopetalee. 

Peripetalss. 

Diclines. 


1111. De CandoUe^s system* is in many respects similar to that of 
Jussieu. He has the same primary divisions. Under Dicotyledons 
there are four groups, under Monocotyledons two groups, and under 
Acotyledons two groups. Among Dicotyledons the sub-classes are 
founded on the number of the floral envelopes, the union or separation 
of the petals, and the insertion of the stamens. Among Monocotyledons 
he included some Cryptogamous plants, and he formed two divisions, 
according as the floral envelopes were present or absent. The Acotyle- 
dons or Cellular plants were divided into those having leaves and 
those without leaves. 

1112. Tabular View of De Candolle^s Natural System. 

A. Vaboulares or Cotylbdonea:. 


Class I. Dicotyledones or Exogense. 

Sub-class 1. Thalamiflorss. Petals distinct, stamens hypogynous. 

— 2. Calyciflorss. Petals distinct or united, stamens peri- 

gynous or epigynous. 

— 3. Corolliflorss. Petals united, hypogynous, usually bearing 

the stamens. 

— 4. Monochlamydees. Having a calyx only, or no floral envelope. 

Class II. Monocotyledones or Endogense. 

— 6. Mono-Phanerogamas. Having floral envelopes. 

— 6. Mono-Cryptogamss. Without floral envelopes. 

B. AcoTYLE])oxfi.s or Cbllulabss. 

— 7. Poliosss. Having leaves. 

— 8. Aphyllse. Leafless. 

• De Candolle (Attgnetm Pyramui). Thdone EWmentwre de la Botamque, ou Expowtioii dee Pfin- 
npei de la Clauiftcaiion Naturelle, 1818. 
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As examples of Sub-olass 1, may be mentioned BanimctilacetB) Papa> 
ventoeiB, Caryophyllacew, Hypericaceae ; as examples of Sub-class 2, 
Leguminosaa, Bosaceae, Umbelliferee, and Compositce ; of Sub-class 3, 
Genlianaceae, Labiatae, Solanace®, PrimulacesB ; of Sub-class 4, Poly- 
gonacead, Enpborbiaceie^ of Sub-class 5, Liliaceae, Palmad, Gramineae ; 
of Sub-class 6, Equisetaceae and Filices ; of Sub-class 7, Musci and 
Hepaticie ; and of Sub-class 8, Fungi and Algae. 

1113. As one of the most complete works on the Cfenera of Plants 
has been published by Endlicher/ it seems proper to give a sketch 
of his system. He divides the whole Vegetable Kingdom into two 
Regions ; — 

Regio I. Thallophyta. Stemleas plants, with no vessels nor evident 
organs of reproduction, producing germinating spores. This Region 
is divided into two Sections : — 

Sectio I. Protophyta. Plants developed without soil ; deriving 
nourishment &om the elements in which they grow ; their fhicti- 
hcation being indefinite. This embraces the classes Algae and 
Lichenes. 

Sectio II. Hystkuophyta. Plants produced on decaying organisms ; 
nourished externally from a matrix ; all the organs appearing 
at once, and perishing in a definite manner, as in the class of 
Fungi. 

Regio n. CORMOPHYTA. Plants with stem and root growing in opposite 
directions. Spiral vessels and organs of reproduction distinct in the more 
perfect. This Region includes three Sections. 

Sectio in. Acrobrya. Stem increasing by the apex, the lower part 
being unchanged, and only conveying fluid‘s. Under this section are 
three Cohorts, as he denominates them. 

Cohors 1. Anophyta. Having no spiral vessels ; both sexes per- 
fect ; spores free within sporangia ; as illustrated by the classes 
Hepaticae and Musci. 

Cohors 2. ProtophfUt, Having vascular bundles more or less perfect, 
and spores free within unicellular or pluricellular sporangia ; 
including five classes, illustrated by the orders Equisetaceie, 
Filices, and Lycopodiacese. 

Cohors 3. Hysterophyta . Organs of reproduction perfect ; seeds 
acotyledonous ; polysporous ; plants parasitic ; as shewn in the 
class Bhizantheic. 

Sectio IV. Amphibrya. Plants with stems increasing in diameter 
at the circumference, the vegetation being peripherical ; containing 
eleven classes, illustrated by the orders Glumacete, Jiincacen?, Liliacose, 
Arace®, Palm®. 

' Kndlirher, (StephanuB) Genera Plaiitarum senitidum Ordincs Naturalee disposila, ia36'lR40. 
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Sectio V. Aobamphibbya. Plants having a stem which increases 
both in length and diameter, the v^etation being peripherioo- 
terminal. Under this he includes four Cohorts. 

Cohors 1. Plants with naked ovules, impregnated 

by the application of the pollen to the micropyle ; including the 
class GoDifera3. 

Cohors 2. Apetalm, Plants without a perigone, or with a rudimen- 
tary or simple one, which is green or coloured, and is either free 
or united to the ovaiy ; including six classes, illustrated by the 
orders Piperacea, Amentiferm, Urticace®, Polygonace®, Laur- 
ace®, and Proteace®. 

Cohors 3. Gamopptaloi. Plants with calyx and corolla, the latter 
being gamopetalous, rarely abortive. It includes ten classes, 
illustrated by the orders Plumbaginace®, Composit®, Campa- 
nulace®, Cinchonace®, Asclepiadace®, Labiat®, Scrophula- 
rlace®, Primulace®, Ericace®. 

Cohors 4. Dialypetala?. Calyx and corolla present ; the former 
being polysepalous or gamosepalous, free or adherent to the 
ovary ; the latter being usually polypetalous, rarely cohering 
by means of the base of the stamens, its insertion being hypo- 
gynoiis, poiigynous, or epigynous, rarely abortive. This con- 
tains twenty-two classes, illustrated by the orders Umbellifer®, 
Saxifragaceae, Rahunculace®, Crucifer®, Papaverace®, Caryo- 
phyllace®, Malvace®, Geraniace®, Rosace®, Leguminos®. 

1114. The following is the arrangement adopted by Lindley* in 
his recent work on the Vegetable Kingdom : — 

Class I. Thallogens — A sexual or Flowerless plants vrithout proper stems 
^ or leaves. Under this he includes three Alliances — Algales, 

Fungales, and Lichenales. 

— II. Acrogens — A sexual or Flowerless plants with stems and leaves, 

including three Alliances — Muscales, Lycopodales, and Filicales. 

— III. Rhizogens — S exual or Flowering plants, with Acotyledonous 

embryos and fructification springing from a thallus, as in Raf- 
desiace®. 

— IV. Endogbns — M onocotyledonous flowering plants with Endoge- 

nous stems, parallel venation, and ternary symmetry. This 
class is subdivided into 4 sections— 

1. Plants with glumaceous flowers formed by imbricated 

bracts. 

2. Petaloid unisexual flowers. 

* Lmdley (John), The VegetahJe Kingdom, or the Strudure, Claesification, and Uaes of Planta, 
illttftrated upon the Natural Syitoro, 1846 Thia work gives a ftill view of all the systems of Natwial 
Clasiiflration, and may be (onaulted by the student for complete dc fails. 
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8. Petaloid hermaphrodite flowers adherent to the ovary. 

4. Petaloid hermaphrodite flowers flree from the ovary. 

Under these sections are included 11 Alliances^ such as Glu- 
males, Andes, Palmales, Nardssales, Orchidales, Juncales, and 
Liliales. 

Class V, Dictyogens — ^Monocotyledonous plants with reticulated vena- 
tion, including such orders as Dioscoreaceas, Smilacese, and 
Trilliacese. 

— VI. Gymnooens — P olycotyledonous Exogens with naked seeds, as 

Coniferfls and Cycadacese. 

— Vn. Exooens — ^Dicotyledonous plants with seeds in a seed-vessel. 

Under this class he puts the following sub-classes : — 

Sub-class 1. Diclimua Exogens, or Dicotyledons with unisexual 
flowers, and no tendency to form hermaphrodite flowers ; 
including 8 Alliances, such as Amentales, Urticales, Euphor- 
biales, Menispermales, Cucurbitales. 

Sub-class 2. Hgpogynous Exogens, or Dicotyledons with herma- 
phrodite or polygamous flowers, and stamens entirely free 
from the calyx and corolla ; including 14 Alliances, such as 
Violales, Gistales,Malvales, Nymphseales, Banales, Berberales, 
Ericales, Butales, Geraniales, Silenales, Chenopodales, and 
Piperales. 

Sub-class 3. Perigynom Exogens, or Dicotyledons with herma- 
phrodite or polygamous flowers, the stamens growing to the 
side of either the calyx or the corolla, ovary superior, or 
nearly so. This includes 10 Alliances, such as Daphnales, 
Bosales, Saxifragales, Gentianales, Solanales, Echiales, and 
Bignoniales. 

Sub-class 4. Epigynms Exogens, or Dicotyledons with herma- 
phrodite or polygamous flowers, the stamens growing to the 
side of either the calyx or corolla, ovary inferior, or nearly 
so. Thb indudes 7 Alliances, such as Campanales, Myrtales, 
Cactales, Grossales, Cinchonales, Umbellales, and Asarales. 

1115. These are some of the most important methods of arrange- 
ment as adopted in the standard works of the day, and a comparative 
view of them is given by Henslow* in the following Table ; — 

* Henilow, SjlUbns of a Coiuie of Lectnrei on Botany, Cambridge, 1848. 
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1116. The following is the arrangement which we propose to 
follow in the Class-Book ; — 

Plants are arranged in two great Divisions— PHANEROGAMOUS, CO- 
TYLEDONOUS, or FLOWERING Plants ; and CRYPTOGAMOUS, 
ACOTYLEDONOUS, or FLOWERLESS Plants. Of Phanerogamous 
Plants there are two classes : — 


Class I. DICOTYLEDONES, EXOGEN^, or ACRAMPHIBRYA, in 
which spiral vessels are present (Fig. 1312) ; the stem is exogenous 



1812. Fig 1018 KiK 181<- 



Fig. 1316. Fig 1816 Fig. 1817. 


(Fig. 1313) ; stomata are present (Fig. 1814) ; the venation of the 
leaves is reticulated (Fig. 1815) ; the flowers have stamens and pistils, 

Fig 1312. Spiral resfela as occnrriAg in a Dicotyledon or Exogcu. 

>ig. ISia Exogenous item of an Oak, showing conccntnc circles of wood and a separable hark 
Fig. 1814. Stomata in (he epidermis of a Dicotyledon. 

Fig. 1816. Eoticulated venation in the leaf of a Dicotyledon 

Fig. 1810 Quinary symmetry in a perfect or hermaphrodite flower of a Dicotyledon. 

Fig 1817 Quaternary symmetry in a perfect flower of a Dicotyledon. 
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and the symmetry is quinary or quaternary (Figs. 1316 and 1317) ; 
the ovules are eitlier in an ovary (Fig, 1318), or naked (Fig, 1319) ; 
and the embryo is dicotyledonous (Fig, 1320), In this class there 
are included four Sub-classes. 


Sub-class 1. XHAUJfiFLORA — Flowers usually dichlamydeous, 
petals separate, inserted on the thalanfus, and stamens hypo- 
gynous (Figs, 1321 and 1822), It may be illustrated by the fol- 
lowing natural orders : — 


Ranuncolacea?, 

Magnoliacete. 

PapaveraceaB. 

Cmciferas. 


Violaceae, 

CaiyophyllaceaB. 

Mafyacess. 

Aurantiacees. 


Hypericaceffi. 

GuttifiBrsB. 

Geraniacee. 

Rutaces. 




petals either separate or united, stamens either perigynous (Fig. 
1328) or epigynous (1324). This sub-class has two sub-divisions — 

1, Polypetalca or Dialypetalw — ^in which the petals are separate 
(Fig. 1325), illustrated by the following natural orders : — 


Fig^. 1816. Ovary of a Dicotyledon, containing ovules (Angiospermse). 

Fig. 1819. Naked ovules of a Dicotyledon, with the exposed nucropyle, mic, and a scale or 
bract, (Oymnospemue). 

Fig. 1890. Xhcotyledonous embryo of an £xogen. Cotyledons, c c, radicle, r, tjgellus, f, plumule or 
gemmule, p, and depression for it,/. 

Fig. 1821. Diagram to lUoitrate Thalamiflmal Dicotyledons. Sepals, s, petals,/?, and stamens, 
all free, and inserted into the receptacle, r, below the ovary. 

Fig. 1882. Flower of a Ranunculus, illutrating Thalamidoral Exogcns. The petals are separately 
inserted on the thalamni, and the stamens are hypogynons. 

Fig. 1828. Diagram to illustrate Calycifloral Dicotyledons with perigynous stamens. Petals, p> 
and stamens, «, inserted on the oslyx, c, surrounding the ovary. 
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CdutncM. 

Leguminosn. 

fiOBftOQIft. 


MoUitomaoeA. 

Myrtaces. 

Onagraceie. 

Pasi^oraceie. 


Gnusalaoea. 

Oaotace«. 

Saxifiranoen. 

UmbeUuliBrflB. 


2. MmopetalcB or CkimopetakB — ^in wliidi the petals are united 
(Fig. 1326), as illustrated in the orders — 







Fig 1324 


Fig. 1827. 



Fig 1830 


Fig 1328. 



Caprifoliaceas. I DipsacacesB. . Oampanalacen. 

Galiacess. Yalerianaceie. Lobeliaceie. 

CinuhonacesB. I Composito. | YacciniaceiB. 

Fig. 1884. Diagram to illastrafce Calyctfloral Dicotyledons mth Epigynons stamens. Petals, p, and 
ttamens, «, united to the calyx, c, and all adherent to the ovary, o, so as to be above it , r, reoeptade. 

Fig. 1826. Flower of Cherry, one of the BMaoem, showing a Calycifloral Exogen, with a poijpeta* 
kme corolla. 

Fig 1888. Flower of Campanula, showing a Calymftoral Exogen, with a gamopetaluut corolla. 

Fig. 1887. Flower of a Heath, showing a CoroUifloral Exogen, with the stamens and 

free from the corolla. 

Fig. 1888. Flower of Primula, showing a CoroUifloral Exogen, with the stamens united to the 
corolla, which is hypogynous. 

Fig. 1889 Flower of Chenopodium, showing a Monochlamydeons Exogen. In this plant the embryo 
IS tmly Dicotyledonous. 

Fig. 1880. Achlamydeoos male flower of Euphorbia, one of the Dicotyledons. Peduncle, p , 8, the 
sditary stamen or male flower attached to the peduncle by a joint, a. 
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8iib-cUu» m. COBOLLIFLOIUB — Flowm diohlamydeous, petals 
united, corolla hypogynous. In this Bub*c]as8 there are two sub- 
divisions 

1. ffypo8t<minecB---m which the stamens are inserted into the 
receptacle and not united to the corolla (Fig. 1827), os 
illustrated in the orders — 

Ericaceas. | EpacridaoesB. 


^ 2. E^ncoroUcB or Epipetalca — in which the stamens are inserted 
on the corolla (Fig. 1328), as illustrated by the orders — 


Gentlaaaoes. 

PolemoniaoMB. 

OonvolmlaoesB. 

Boraginaoee. 


Solanacen. 

Scrophalariaoett. 

LabiaUB. 

Yerbeaaoeae. 


Acanthaces. 

PrimulaceaB. 

PltunbaginaoeeB. 

Piantaginacea. 


Sub-class IV, MoNOOHLAMYDEiE, or ApETALiB — ^flowcTs either with 
a calyx only (Fig. 1329), or achlamydeous (Fig. 1880). In this 
sub-class there are two subdivisions : — 


1. Angioap&mm — ^in which the ovules are contained in a peri- 
carp, and are fertilized by the action of the pollen on the 
stigma (Fig. 1329), as in the following natural orders, 
many of which contain unisexual dowers — 


Chenopodiaoeie. 

Polygouacaie. 

Begoniaceae. 

LauraceaB. 


ProteaceaB. 

ThymelaBaceas. 

AriBtolochiaceaB. 

Nepentbaceae. 


EuphorbiaceaB. 

UrticaceaB. 

PiperacsaB. 

Amentiferas. 


These orders are all truly Dicotyledonous, while another order Raffle- 
siacess (Fig. 127, p. 54), is Acotyledonous. 

2. OymnosperrnoB — ^in which the ovules are not contained in a 
true pericarp, and are fertilized by the direct action of the 
pollen without the intervention of a stigma (Fig. 1881), 
and the embryo is polycotyledonous (Fig. 1882), as illus- 
trated in the natural orders — 

ConiferaB. | CycadaceaB. 


Class D. MONOCOTYLEDONES, ENDOGEN^, or AMPHIBRYA, 
in which spiral vessels are present ; the stem is endogenous (Fig. 1888) ; 
stomata, occur ; the venation is usually parallel (Fig. 1884) ; sometimes 
slightly reticulated (Fig. 1885) ; the flowers have stamens and pistils, 
and the symmetry is ternary (Figs. 1886, 1337) ; the ovules are contained 
in an ovary ; the embryo is monocotyledonous (Fig. 1888). 

Under this Class are included three Sub-classes : — 

Sub-class I. Diotyogen^e — plants with reticulated venation in their 
leaves (Fig. 1885), as illustrated in the orders Dioscoreacess, Tril- 
liacem, and Smilacese. 

Sub-class n. Petaloidsai, or Florid.*:— in which the leaves are 
paraHel-veined ; the flowers usually consist either of a coloured 
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perianth (Fig. 1389)) or of whoHed scales (Fig 1336) Thi^ 
sub-class is divided into — 




lii; 1334 




ftg 1837 


1, Eptgyna — in which the Penanth is adherent, the ovary is 


Fig 1881 Cone of a Fine belonging to Comfene, m which the ovules are covered by bracts, but arc 
not contained m a true ovary with a stigma 

Fig 1883 Folycotyledonous embryo of a Fme, one of the Gymnospennous Dicotyledons 'the 
radicle, r, the tigellns, t, and the cotyledons, c 

iig 1888 Endogenous stem of a Monocotyledonous plant, m, the loose central cellular portion 
f, the outer or cortical portion 

Fig 1884 Parallel-vemed leaf of a Monocotyledon or Eudogeu 

Fig 1886 ShghUy reticulated leaf of a Monocotyledonous plant (a species of Smilax) The plant 
IS referred to the sub-class Ihctyogens 

Fig 1886 Tnmerous dower of a Monocotyledon {Luzula), with ternary symmetry The floral 
envelopes are ghunaceous but verticillate m this plant 

Fig 1887 Ternary symmetry in a perfect or hermaphrodite flower of a Monocotyledon (Ltltum 
album) 
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inferior, and the flowers are tisually hermaphrodite (Fig. 
1840), as in the following natural orders 


Hydrocharidacfltt. 

Orohidaoett. 

ZingiberaceaB. 


Marsntsceis 

MusaoeiB. 

Iridacew. 


Hemodoracew. 

AmaiyllidaeeiB. 

Bromeliaceft. 


2. Hypogyna — in which the Perianth is flree, the ovary is supe- 
rior, and the flowers are usually hermaphrodite (Fig. 1887), 
as illustrated by the following orders : — 


Liliacew. 

Mdanthaoett. 

GUliasiacew. 


Poutederiaoeae. 

JuQoacdA. 

Palmn. 


Commelyiiaoett. 

Aliamacew. 

Batomaeen. 



Fig 1888 




l!ig 1840 


3. Incompletce^iloyren incomplete, often unisexual, with no 
proper perianth, or with a few vertidllate sc^es (Fig. 
1341), as illustrated in the following natural orders : — 

PandanacefiB 1 NauidaccaE^. 

Aracew. | Restiaceie 

Sub-class m. GJLUMirii.B^ — ^flowers glumaceous, consisting of im- 
bricated bracts (Fig. 1 842), venation parallel, as illustrated by 
the natural orders — 

Cyperacew | Graminew 


Fig. 1388. MoaoootyledonouB embryo of an Endogen {Tnglochin), allowing the eotyledon, the 
radicle, r, and the alit, where the plumule appears dunng germination. 

Rg. 1888 A hfonocotvledon (firoeut niwm)^ with parallel venation, and a coloured perianth, the 
parts of which mchibit tiigoual symmetry 

Fig. 18ft). Monocotyledon {Leue<i^xtm\ uith the ovary inferior, and the floral euvelopes and stamens 
epigynous 



744 


CHARAOTBBS OP CLASSES AND BUB^TLASSES. 


Clam IH. ACOTYLEDONES, or ACBOGEK^ and THALLOOEN^, 






Fig. 1842. Fig. 1841. 


Fig. 1848. Kg. 1844. 




Fig. 1346. 


or THALLOPHYTA and ACROBBYA, in which the plants are either 


Fig. 1841. One of the incomplete unisexual Monocotyledons. A species of Amm, in which the 
n«le and tsmale dowers are separate, and are eadi sniroonded by minute scales ; a, female flower i 
b, male flowers ; e, ahwtive flowers *, d, extremity of the spadix. 

Kg. 1842. Olumiferoni Monocotyledon oonaistixig of nomfsitras flowers formed by 

imhriested bracts. 

Kg. 1848. Scalsriform rcsseli, which are met with in the higher dirision of Aeotyledoiiotts plants, 
particularly in Ferns. 

Kg. 1844. Aeiogenoos woody stem of a Fern. 

Kg. 1846. Forked Tenatioii of the frond of a Fern. 

Kg. 1846. Antheridia, 1, and Archegonium, 2, of a Fern, being the supposed organs of reproduc- 
tion. For explanation, see Kgures 1229 and 1281, p. 674. 

Fig. 1847. Spore or ceUular gmminating body of an Acotyledonoos plant 
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entirely cellular, or consist parUy of scalariform vessels (Fig. 1843) - 
the stem when woody is Acrogenous (Fi|f. 1344) ; stomata occur in the 
higher ord^ ; the leaves are either veinless or have a forked venation 
(Fig. 1345) ; no flowers are present; the reproductive organs consbt 
of Antheridia and Archegonia (Fig. 1846) ; spores or cellular embryos 
are produced which have no cotyledons (F^g. 1347). 

Under this dass there are two divisions : — 

Sub-class I. Aorooenab, Acrobrta, or Cormogenjs— with a dis- 
tmct stem (Fig. 1344), bearing leaves and branches (Fig. 1348), 
as illustrated in the natural orders — 


Eauisetaceae. I Lyoopodiaceft. I Musci. 

Filices. I Bhisocarpeeo. | Jangermanniaceie. 

Sub-dass 11. THALLOOEN^,THALLOPHYTA,or Oellul ABES— having 
no distinct stem nor leaves, but forming a cellular expansion of 
various kinds which bears the organs of reproduction (^g, 1349). 
It is illustrated by the orders — 



1117, The system of De Candolle is the basis of this proposed 
arrangement, and some of the Divisions are derived from Jussieu and 


Rg. 1848. An Acrogen {Omtmia with aa axu and lea?ei. The upper part of the trond,/. 

bean the flnictiflcttionf i, in the form of iqponngia and qporea 

Ilg. 1849. A Sea-w^ (^Wcm verieulom), UloitnitiDg one of the cellular Ciyptogamic planta. It 
pnduoea a coUplar thallui, 1 1, which bean the fructification, fr, Vciiclea of air, a, exiat in the 
frond. The venation ia fhlie, conneting only of oondenied oellnlar tiMue, without aii) woody tnbea 

or vnaiMla. 
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IN1>EX TO CLAS8 ES AND SDB-CTjA 88ES. 


Lindley. An index to tliiB arrangement is given in the following 
tabular view : — 


A. PHANEBOflAUKiK, COITLBDONK^, OK FlA)WBBnfO PLA^Te. 


Class I. Dicotylcflonea, Exogenie, Acramphibrya. 

* Didilainyden^ having Cal^rx and CuroUa. 

Sub-cinaa I. Thalamifloras (Polypetal® or Dialypetal® Hypogyn®) RanuHtuIaf^tw. 

f Perigyne (1. Polypotal® or IHalypetal® Hoaaccar, 

Epifryne (8. Monopctul® or Gamopetalee Ompatia:. 
i^tib-claai III. Corolliflora (Monopetal® or Gamopeiahe, Hypocorolla). 

1. H>poBtaminefe (Stamens free from Corolla, hypogynoni) ... Erieaeem. 

2. EpicoroU® (Stamens on hypogynoua Corolla) Boraginueecr. 

** MonoclilaiiivdenandAclilamydese, having a Calyx only, or no Envelope. 

«• Eratny" Kcolyleilo-i 

noua (apermogena)) ^‘'•yy*"**** 


Sub-claif IV. Monochlnmydcfe 
or Apetalm ... 


1. Angioiperme 




2, Gymnoapermn or Gymnngen®, embryo) 
usually Polycotyledonoua ..J 


Class II. Monocotyledones, Endogeoae, Amphibrya. 

Sub-clas* I. Dictyogenm, leaves nett^ 

Snb'ClasB II. Petaloidem or'N - 
Florida, with f J* 
a vertioiilate r «* 
perianth J 

Sub-class III. Glumifenc, with imbricated bracts 


^igyna „ 

Hypogyna 

lucompleta 


TWWflmp. 

Orchidacfit^. 

lAliacece. 

Araeem. 

Oraminrte. 


B. CbYPTOGAMEJE, AcOXYLEDONEiE, OB FlOWEBLEBS PlANTB. 


Class 111 . Acotyledoncs Acro>Thallogen». 

Sub-clasa I. Acrogena, Acrobrya, Curmogeua Filiets. 

SubH^lnsf II. Thallogenic, Thallopbyta, Cellolares Algv, 



CHAPTER HI. 

ARRANGEMENT AND CHARACTERS OF THE 
NATURAL ORDERS. 


1118. Having now considered the primary divisions of the 
natural system, we proceed to give the characters of the natural 
orders, which are associated imder the different classes and sub- 
classes. We have already stated, that in a linear series it is impos- 
sible to group the orders according to their affinities. Each order is 
allied, not merely to those which immediately precede and follow it 
in such a scries, but to various other orders which are necessarily 
removed from it. On the confines of classes and sub-classes, orders 
occur which have cliaracters common to two or more of the groups, 
and we constantly meet with aberrant genera which form a connect- 
ing link between two orders. In Botany, as in all departments of 
natural science, there are no rigid lines of demarcation, but one divi- 
sion seems to pass into another by an insensible gradation. Our defini- 
tions express the most marked and important characters of the groups, 
without attempting to embrace all the anomalies ; and as our know- 
ledge of the vegetation of the globe advances, we are enabled to 
improve the definitions of the groups, and to form intermediate 
divisions. 

1 1 19. In the following pages the natural orders are briefly defined, 
their general geographical distribution is given, some of the illustrative 
genera in each order are enumerated, the properties of the plants in- 
cluded in the orders are mentioned in so far cui they have been 
determined, and a short notice is added of the more important medi- 
cinal and economical plants. At the end of each of the sub-classes an 
analysis is given of the natural orders included in it, so as to enable 
the student to detect the place of a genus or species in the natural 
system. In this the plan adopted by Lindley has l>een followed, with 
some modifications. The student is referred to Lindley's standard 
work, entitled ** The Vegetable Kingdom,” for a full account of the 
characters, alliances and affinities, distribution and properties, of the 
orders. 



I.-PMNEROGAMEil, COTYLEDONEJl, OR 
FLOWERING PLANTS. 


CLASS I-DIOOTFLEDONES, EXOGENJ, OR 
ACRAMPHIBRYA 

SUB-CLASS 1.— THALAMIFLORAC, 


1120. Natural Order 1.— RanunculacejE, the Buttercup ordei 
(Pigs. 1350 to 1356) —Herbs, rarely shrubs, with an acrid watery 



1851 Fig 1358 lig 1854 Fig 18o5 hg 1356 


juice, and generally with much-divided, exstipulate leaves (Fig. 263, 
p 117), the petioles of which are dilated and sheathing. Sepals 3-6, 

figures 1860 to 1866 illnstrate the natural order EannncnlaceK 

Fig 1860 Dugrain of flower of Bannncnlns with lire sipals live petals, numerous stamens and 
carpels fig 1861 Spurred petal of Columbine F'lg 1852 Section of flower of Banunculus, 
shewing sepals, s, petals, p, numerous stamens, with adnate anthers, placed below the carpels 
Fig 1853 Numerous smgle-seeded carpels of Renuncalus F'lg 1854 Bipe acheue of Eanuncnhu 
Fig 1356 Bipe folhde of Cdumbme Fig 1866 Anatropal seed of Acomte, cut vertically, show- 
ing abundant homogeneous albumen, and a small embryo 

Further fllutlratioBi of the Crowfoot order —llower of Banimculus, Fig 337, p Flower 
of Cdumbme, Fig W p 164, I’lg 624, p 204, Tig 670 p 287, Fig 462, p 190 Scale-btanng 
petal dHtmoncnlufl, F'lg 511, p 202 Fetal ofnvUius Fig 512 p 202 Pital of Hellebwe, Fig 618 
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nsuallj deoidaoufi, sometimes defonned (Fig. 482, p. 195). Petals 
3-15, sometimes anomalous (Fig. 1851), at other times suppressed. 
Stamens usually oo, with adnate anthers (Fig. 1352). Carpels nume- 
rous, one-celled (Fig. 1353, Fig. 693, p. 245), or united into a single, 
many-celled pistil (Fig. 698, p. 246). Fruit, achenes (Fig. 1354), 
follicles (Fig. 1355), or baccate. Seeds anatropal, with homy albu- 
men, and a minute embiyo (Fig. 1356). 

1121. The Buttercup or Crowfoot family characterise a cold, 
damp climate, and when met with in the tropics, they occur on the 

^ sides and summits of mountains. There are about 1000 known 
species, of which l-5th is found in Europe, and l-7th in North Ame- 
rica. lUusircxdve Genera. — Clematis, Thalictrum, Anemone, Hepatica, 
Adonis, Myosunis, Ranunculus, Caltha, Trollius, Eranthis, Hellebo- 
rus, Aquilegia, Delphinium, Aconitum, Pmonia, Actaea, Podophyllum. 

1122. The plants of the order have narcotico-acrid properties, and 
are usually more or less poisonous. The acridity varies at different 
seasons, and in different parts of the plant; it is frequently vola- 
tilised by heat, and destroyed by drying. Some plants of the order 
are bitter and tonic. 

Aconitum ferox. The root famishes the Indian poison called Bihh, Bish> or 
Nabee. Aconitum NapeUuS) Monkshood (Fig. 482, p. 195). The leaves are 
used to allay pain in neuralgia, and contain a narcotic alkaloid, Aconita, or 
Aconitina. 

Clematis erecta and Flammula. The leaves have been employed as blisters. 

Coptis trifolia, Gold thread. The roots are used in North America as a stomachic 
hitter. 

Delphinium Staphisagria, Stavesacre. The seeds contain an alkaloid caUed Del- 
phinia, and have been used for destroying vermin. The species of Delphinium 
are commonly known as Larkspurs. 

llelleborus oiHcinalis (the Black Hellebore of the ancients), H. niger, and other 
species, are famed as drastic purgatives. 

Moutan officinalis (PsBonia Moutan) is the Tree-Pwony of China, remarkable for its 
showy flowers and large disk (Fig. 672, p. 238). Fortune mentions a plant near 
Shanghae which produced from 800 to 400 blossoms annually. 

Nigella sativa (Fig. 266, p. 118). The seeds were formerly used instead of 
pepper, and they are supposed to be the fltches or black cummin (Ketzacb) 
mentioned in Isaiah xxviii. 25, 27. 

Podophyllum peltatum, May-apple, is used in North America as a cathartic. Its 
fruit is aci(i and is called Wild Lemon. 

Banunculns, Crowfoot or Buttercup, whence the order is named. The species are 
generally acrid in a fresh state. The pericarps lose their acridity as they become 
ripe. The seeds are bland. Ranunculus sceleratus and Flammula are very 
acrid. The fasciculated roots of R. Ficaria have been used as an article of food, 
on account of the starch which they contain. 

1123. Nat. Ord. 2. — DiLLENiACEi®, the Dillenia order. — Trees, 
shrubs, or under-shrubs, with alternate, exstipulate leaves, five per- 

p. 808. Petal of Larkspur, Pig. 831, p. 208. Petals of Aconite, Fig. 623, p. 208. Follioles of 
Cdumbine, Fig. 416, p. 176; Fig. 778, p. 266. Disk and Follicles of Pieony, Hg. 678, p. 888, and 
Fig. 788, p. 869. Achone of Ckmatis, ihg. 743, p. 866. Forms of leaves, Fig. 862, p. 117 ; Fig. 866, 
p. 118 ; Fig. 867, p. 119, and Fig. 806, p. 180. 
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MAGNOLIAOE^. 


BiBtent sepals in two rows, £ve deciduous imbricated petals, indefinite 
stamens often turned to one side, a 2-5-carpellary apocarpous or syncar- 
pons fruit, arillate anatropal seeds, and homogeneous albumen* There 
are about 200 known species which occur chiefly in Australasia, 
India, and Equinoctial America. They have 'astringent qualities, and 
some of them are large trees, which afibrd excellent timber. Ill, Oen, 
— Dillenia, Hibbertia, Candollea, Curatella, Delima, Tetraoera. 

1124. Nat. Ord. 3. — Magnoliace^, the Magnolia order (Figs. 
1357, 1358). — Trees or shrubs, with alternate coriaceous leaves, and 
convolute stipules, which cover the buds, and are deciduous. They 
are remarkable for the beaiity of their foliage, and the fragrance of 
their flowers. Sepals usually 3-6, deciduous. Petals, three or more, 
imbricated (Fig. 1357). Stamens oo, distinct, with adnAte anthers. 



Fig 1S57 Fig 1358 


Carpels, one-celled, numeious, on an elevated receptacle. Fruit, of 
numerous, dry or succulent, dehiscent or indehiscent, caipels. Seeds 
often arillate, and suspended from the fruit by a long funiculus ; albu- 
men fleshy and homogeneous ; embryo minute. The Magnoliads 
abound in North America, and characterise one of Schouw's phylo- 
geographic regions. There are two sub-orders: — 1. Magnolieae, 
with rile carpels arranged in a cone-like manner, and leaves not 
dotted; 2. Wmterefie, with the carj)els verticillate in a single row, 
and dotted leaves. The known species amount to nearly 70. Ill, 
Gen, — Talauma, Magnolia, Liriodendron, Tasmannia, Drimys, Illicium. 

1125. The plants of this order have bitter, tonic, and aromatic 
qualities. 

Drimys Winfceri (Fig. 1368) yields Winter’s bark, so called on account of its being 
discovered by Captain Winter.* It bas Btimulant aromatic properties. Its 
woody tiasne presents a punctated appearance. Diimys granatensis suppliss 
the aromatic bark called Casca d’Anta in Brazil. 

Fig 1367 The White-wood or Tulip-tree {lartodendron iuhptfera) 

Fig 1868 Wuiter*s bark {pnwtff Wtnim or aromattca\ brought brom the Straits of Magellan, in 
1&7S, by Ci^tau) Winter 

* At a meeting of the Lmnman Society, held June 18, 1860, the Prcsidint (ihr Bubeit Brown) 
exhibited portions ot Wuitor*s bark trees, fiom the Stmts of Magellan, cut donn m 1B26 by Captain 
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lUidam anisatam, on account of Ita flavour and the stellate arrangement of its 
fruity receives the name of Star-Anise* It is used by the Chinese as a spice, and 
for flavouring liqueurs. 

Liiiodendron tulipifrrs (Fig. 1857) is called Tulip-tree^ from the appearance of 
its flowers. Its leaves are abrupt or truncated. It is sometimes colled White- 
wood. The bark is bitter* and tonic. 

Magnolia glauca, Swamp Sassafras or Beaver-tree, yields a bark which is used as 
a substitute for Cinchona. 

Tasmannia aromatica is a New Holland tree, the fruit of which is sometimes used 
as a substitute for pepper. 

1126. Nat. Ord. 4. — Anonaob.®, the Custard-apple order, — Trees 
or shrubs with alternate, entire, exstipulate leaves, three persistent 
sepals, six petals in two rows, usually valvate, sometimes combined, 
numerous stamens covering a large hypogynous receptacle, numerous 
carpels containing one or more ovules, a succulent or dry fruit, con- 
sisting of a number of one or many-seeded carpels^ distinct or combined, 
seeds with a brittle spermoderm, ruminate albumen, and a minute 
embryo. There are about 300 known species of Anonads. They 
occur in tropical regions, and many of them furnish valuable fruits. 
Ill Oen. — Bocagea, Xylopia, Uvaria, Guatteria, Duguetia, Anona, 
Rollinia. 

1127. The plants of this order arc generally aromatic and fra- 
grant. 

Anona squamosa yields the sweetsop, A. muricata the soursop, and A. reticulata 
the netted Custard-apple. A. Cherimolia produces the Peruvian Cherimoyer, 
said to be one of the flnest known fruits. A. palostris furnishes West Indian 
Cork-wood. 

Duguetia quitarensis is said to supply the elastic wood called Lance-wood, used by 
coachmakers. 

Monodora Myristica, the Calabash-Nutmeg. Its seeds contain an aromatic oil re- 
sembling that of the East Indian nutmeg. 

Uvaria febrifuga produces a febrifuge fruit. 

Xylopia aromatica yields a dry aromatic fruit, used as pepper in Africa, and com- 
monly called Piper ffithiopicum. X. glabra is the Bitt^-wood of the West Indies. 

1128. Nat. Ord. 5. — Schizandeacea*:, the Schizandra order. — 
Trailing ehrubs, with alternate exstipulate leaves, allied to Anonacece, 
but differing in their habit, their unisexual flowers, their imbricate 
(estivation, and their homogeneous albumen. The stamens are 
often monadelphous, and the fruit consists of numerous baccate car- 
pels. There are 12 known species which occur in India, Japan, 
and the hotter parts of North America, They abound in an insipid 
mucus, and the fruit of some is edible. Ill Qen, — Kadsura, Schiz- 
andra. 

1129. Nat. Ord. 6. — MENisPEUMACKiE, the Moon-seed order. — 

P. P King, EN , presenting inscriptions mode tbrougii the hark hy n nudshipnian who aceom panic d 
the Spanish exp^tion under Captain Cordoba in 1786, and by one of the companions of C^nin Bou- 
gainville in 1767 ; the annual rings in the former case distinctly corresponded with the interral 
between 1786 and 1826 
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LAUVIZABALACBJB—BERBEBIDACEM. 


TraiKng shrubs with alternate, simple, usually entire leaves, and 
unisexual (often diosoious) flowers, Symmet^ generally ternary. 
Stamens distinct or monadelphous, and attached to an androphore. 
Oarpels supported on a gynophore, one-celled, containing a single 
curved ovule. Fruit drupaceous, one-celled, curved around a pla- 
cental process. Seed solitary and curved ; embryo with the cotyledons 
coiled up in a peripherical form. The woody matter is often closely 
compacted in wedges, separated by large medullary plates, giving the 
stem a peculiar aspect on a cross section.* Menispermads are com- 
mon in the tropical woods of Asia and America, and they climb 
among the trees to a great height. There are about 300 known 
species. III. Gen. — Anamirta, Jateorrhiza, Menispermum, Cissam- 
pelos, Cocculus. 

1130. The plants of this order have narcotic and bitter proper- 
ties ; some of them are very poisonous. 

Anamirta panicolata yields the fruit known in commerce as Cocculus indicus, 
and which has be^ sometimes iUegaUy used to impart bitterness to malt 
liquor. The seed contains a crystalline narcotic principle called Hcrotoxine, 
while the pericaip yields another poisonous alkaloid^ called Menispermine. 

Coscinium (Menispermum) fenestratum supplies a false Calumba root which contains 
much Berberine. 

Jateorrhiza palmata (Cocculus palmatus) supplies the bitter tonic root known as 
Calumba (Figs. 131-133, p. 55). It contains a bitter principle called Calumbine.f 

Cissampelos Pareira, Wild Vine or Velvet-leaf, furnishes the tonic and diuretic root, 
known by the name of Pareira brava. 

1131. Nat. Ord. 7. — LARDizABALACEi®, the Lardizabala order. — 
Twining shrubs, with alternate exstipulate leaves, ternary symmetry 
and unisexual flowers, resembling Menispermads, but differing in their 
compound leaves, ovules sunk on the inner surface of the ovary, and 
minute embryo in abundant solid albumen. They are found in the 
cooler parts . of South America and China. They seem to have no 
active properties. Some yield edible fruits. There are 15 known 
i^cies. III. Oen. — Akebia, Holbollia, Lardizabala. 

1132. Nat. Ord. 8. — Berberidacejs, the Barberry order (Figs. 
1359-1362). — Shrubs, or herbaceous perennial plants, with alternate 
compound leaves, which are often spiny from non-development of 
the parenchyma (Fig, 238, p. 107). Sepals, three, four, or six, 
deciduous, in a double row. Petals equal to the sepals in number, 
and opposite to them, or twice as many. Stamens equal in number 
to the petals, and opposite to them (Fig. 1359). Anthers with two 
cells, each opening by a recurved valve from below upwards (Fig. 
1360, and Fig. 646, p. 233), Carpel solitary, one-celled; stigma 
orbicular (Fig. 1361). Fruit baccate or capsular. Seeds anatropal ; 
albumen fleshy and homy (Fig. 1362, and Fig. 913, p. 303). They 

* For tetaaA» on tkii hetoramorphoui fEunfly, see Paper by Miers, in Annals and Mag. of Nat Hist. 
SdSer.vii.88. 

t See remarks on true and false Cahunba plants in the Botanical Magasinc for July 188S. tab. 4868. 
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are found in temperate parts of the oorthem and southern hemispheres. 
There are 100 known species. 



ilg. 1869. 


Fig. 1860. Fig. 1861. Fig. 1869. 


1133. In their properties they are acid, bitter, and astringent. 


Berberis vulgaria, the common Barbeny. Its fruit contains oxalic acid, and is 
nsed as a preserve ; while its bark and stem are astringent, and yield the bitter 
yellow crystalline matter Berberine. Its stamens display peculiar irritability 
(p. 557). The root of several species of Berberis is said to have furnished the 
astringent matter called Lycium by Dioscorides, and still used in India nnder 
the name of Ruswut — See Dr. Simpson in Monthly Journal of Med. Science 
Jan. 1858. 


Leontice (Caulophyllum) thalictroides, blue Cohosb, has an evanescent pericarp, 
the dmpe-like seeds becoming naked. 

Mahonias are shrubs commonly cultivated in gardens. They are Barberries with 
pinnate leaves. 


1134. Nat. Ord. 9. — CABOMBACBiE, the Water - Shield order. — 
Aquatic plants with floating peltate leaves. Sepals and petals three 
or four, alternating. Stamens 6-36. Carpels distinct, two to eighteen. 
Seeds definite ; embryo in a vitellus, outside abundant fleshy albumen. 
They are allied to Nymphajacew and Nelumbiacew, and differ in their 
distinct carpels, definite ovules, abundant albumen, and nearly com- 
plete absence of a torus. They occur in America and Holland. 
There are 3 known species. IIU Qen. — Cabomba, Hydropeltis. 

1135. Nat, Ord, 10. — ^Nymph.®ace.«, the Water-Lily order (Figs. 
1363 to 1366). — ^Aquatic herbs with large showy flowers, and cordate 
or peltate leaves (Fig. 1363), arising from a prostrate rhizome, 
which is sunk in the mud. Sepals usually 4, persistent. Petals nume- 
rous, deciduous, inserted on a fleshy torus, and passing by a gradual 
transition out of the sepals into the stamens, which are numerous, 
have petaloid filaments, and are inserted into the torus (Fig. 1364). 
Ovary surrounded by the torus, many-celled, many-seeded, with 
radiating stigmas (Figs. 1364, 1365). Fruit indehiscent, pulpy when 
ripe. Seeds anatropous, attached to spongy dissepiments (Fig. 1365); 
embryo small, in a vitellus, outside farinaceous albumen (Fig, 1366, 


Figures 1869 to 1862 illmtrate the natnrol order Berberidacrne. , 

Fig. 1869. The flower of the Berberry, showing its sepals, petals, and irritable stamens having 
appendages at their base. llg. 1860. The two-celled anther opening by two valves, which be- 
come recurved as seen in Fig. 666, p. 938. Fig 1861. SoUtary one-celled carpel, with the orbiimlar 
nearly sessile stigma Fig. 1862. Anatropal swd, with orthotropal embryo in the axis of s(did albnmen 
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Fig. 900, p. 299). There are considerable differences of opinion as to 
the position of Water-lilies. The structure of the rhizome resembles 
that of Endogens, in which class many botanists are disposed to place 
them (see Lindley^s Vegetable Kingdom, p. 410). The Water-lilies 
chiefly inhabit quiet waters in the northern hemisphere ; they are 



rjg 136 > tig 1366 


rare in the southern hemisphere. There are 50 described specioh. 
III. Oen. — Euryale, Victoria, Nymphcea, Nupliar. 

1136, The order pobsesses bitter, abtriugent, and some say nar- 
cotic properties. The plants contain much btarch in their rhizomes, 
which are used for food in the same way as potatoes. Their petioles 


Flgurei 1368 to 1366 illustrate tlie natural older N^niphtparcep 

Fig 1368 Nymphtta Lotua, showing large, cordate, reticulated lta\cs with involute vernation, and 
shouy dowers — (See note, p 337) llg 1364 'Section of flower of Nyniphsea alba, shoeing pedunclt , 
torus or didc, petals, stamens with petoloid fllanu nis, and radiating stigmas Fig 136B Section of 
flouer of Nu^iar lutenm, showing sepals, petals, stamens, and ovary with ovules Fig 1366 
Seed of Nymptuea alba, rut vertically, to slum the embryo m the viiellns oi embryo-sac, uith pens 
permit albumwi —(See also Fig 300, p 239) 
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liav« large air-tubes, as well as spiral fibres, which ctm be sedated 
and used for wicks. 

Nuphar Intenm, yellow PondJlly, hM styptic leaves. Its flowers have a pecollat 
smelly said to resemble brandy. 

Nymphoa alba, white WaterJUy. Its rhiaomes have been used for dyeing and 
tanning. Nymphiea Lotus, Lotus Water-lily, is supposed to be the Sbnshan and 
Shushannah of the Old Testam^t (Note, p. 237). 

Victoria regia (Fig. 285, p. 107), Victoria Water-lily, is found in the etUl waters 
of the whole of the warm parts of Eastern South America.* Its flowers, when 
^expanded, are a foot and more in diameter. Its leaves vary from four to 
six or eight feet in diameter. Their under surface is of a red colour, and exhibits 
large prominent ribs. The edges of the leaves are finally turned upwards. 
The seeds are used for food. They are roasted with Indian com, and hence the 
plant is called Water-maize — (See also p. 644). 

1137. Nat. Ord. 11. — NELUMBiACEi®, the Water-Bean order 

(Fig. 1194f, p. 561). — Aquatic herbs resembling 
Water-lilies, but differing in their large exalbuminous 
embryo, and their remarkably enlarged tabular torus, 
in the hollow of which the nuts are half buried, and 
finally become loose (Fig. 1367). Found in quiet wa- 
fers of temperate and tropical regions in the southern 
hemisphere ; very frequent in the East Indies. There 
are at least 3 known species. Ill, Gen, — Nelumbium. Fig. lacT. 

1138. The plants of the order are remarkable for their large, 
showy flowers and leaves. Their nuts are eatable. 

Nelumbium luteura, yellow Water-bean, has starchy rhizomes, with tubers, like 
those of the sweet potato, which are used for food. N. speciosum, sacred Water- 
bean, is the Egyptian Lotus represented on Egyptian and Indian monuments. 
Its fruit, which is edible, is supposed to have constituted the Pythagorean 
Bean. Its rhizome is used for fo^ in China. The tlireads from the spiral ves- 
sels of its leaf and flower -stalks are used for wicks. 

1139. Nat. Ord. 12. — SarraceniacbuB, the Water-Pitcher order. 
— Perennial herbs growing in bogs, with hollow pitcher-shaped or 



Fig. 1867. The enlarged honeycombed toms of Nelnmhltun with tbo nnts immersed in it. 

* In Hooker’s illustrations of the Royal Water-lily, it is stated, that it was first noticed by 
Tlacnke fifty years ago, in the Bio Momorc, a tributary of the Amazon, then by Ronpland m 1830 
near Corrientes, who c^ed it a Nympheea ; then by D’Orbigny in 1836 ; by Fuppig in 1833 on the 
Amazon, who called it Euryale Amazonica ; by Srhomburgk on Ist January 1837, in the Berbice river, 
and in 1843 in the Essequibo ; in 1846 by lifr. Bridges in Bolivia ; and by Weddell in the river Bar- 
hodo } next by Dr. W. Tl. Campbell in the Essequibo ; and finally, in 1849, by Mr. Spruce near San- 
tarem, and at other places. The Victoria has various native names, such as Muniri, Irupd or Yrup6, 
Moringna, and Dachorho. It is plentifully distributed throughout the wlioic Amazon district 
Spme leaves are mentioned by Spruce as being twelve feet in diameter. The deeper the water in 
which the Victoria grows, the larger the leaves. Spruce says that the leav^, when turned up at the 
margins, look, when floating, like large tea-trays, with here and there a bouquet protruding between 
them. The native name of Yrupd has reference to this ; it means water-plattor,— fl^nn y water, and 
a dish. — See description of Victoria in Kew Jour^, June 1610, p. 176. See also Ltwson on 
Water-lilies. 

t In this Ogore the flowers ought to have been represented as supported on long stalks above the 
water. The large tabular torus la seen in the centre. 
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troxnpet-Bhaped leaves (Fig. 332, p. 141). Cdyx usually condsts of 
five perdstent sepals. Petals five or 0. Stamens oo. Style often 
expanding at its summit into a large peltate plate, with a stigma be- 
neath each of its five angles. Fruit, a 2-5-celled capsule with axOe 
placentas, bearing numerous albuminous seeds. The pitchers formed 
by the petioles of the leaves contain a peculiar secretion, the use of 
wMch is unknown. Sarracenia receives the name of Side-saddle 
flower, in allusion to its tubular leaves. The plants are found abun- 
dantly in North America. Heliamphora nutans occurs in Guiana. 
There are 7 known species. Ill, Om, — Sarracenia, Heliamphora. 

1 140, Nat Ord. 13. — ^Papavbraceje, the Poppy order (Figs. 1368 



Fig 1871 Fig 1872. Pig 1373 Fig. 1874. 


to 1374). — Herbs with milky or coloured juice, and alternate exsti- 

Flgorei 1868 to 1874 lllitBtWkto the natural order Papaverace® 

Fig. 1868. Diagram sboiHng two sepals, four crumpled petals, numerous stamens, pistil with 
parietal plaoentas. Fig 1869 Dlsepalous caducous calyx Fig 1870. Tetrapetalous corolla, and 
numerous stamens Inserted below a pod-like pistil. Fig. 1371. SlliquAform fruit of Celandine. 
Fig. 1872. Pistil of Poppy with sessile stigma, s«. Fig. 1378. Capsular fruit of Poppy opening 
by pores below the stigma Fig. 1874. Seed with embryo, and albumen 
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pulate leaves. Sepals two, rarely three, caducous (Pig. 1869). 
Petals four (Pig. 1370), rarely mx, usually crumpled in aBstivation. 
Stamens 8-24 or more (Fig. 1870). Fruit unilocular, siliqusBform 
(pod-like), with 2-5 parietal placentas (Fig.l371),or capsular with nu- 
merous placentas (Figs. 1372 and 1878). Seeds numerous, with embryo 
in the midst of fleshy and oily albumen (Fig. 1374). The order is 
chiefly confined to Europe. There are 180 known species. Ill» Oen.— 
Bocconia, Sanguinaria, Chelidonium, Argemone, Meconopsis, Papaver, 
Glaucium, Eschscholtzia, Platystemon. 

1141. Narcotic properties characterise the order. Some of the 
plants yield an acrid juice. 

Argemone Mexicana, Mexican or Gamboge Thistly baa naicotico>acrid seeds. An 
aperient oil is procured from them. 

Bocconia frotesoens, Parrot- weed or Tree-celandine, yields an acrid yrilow Juice. 

CheUdonium may us, Celandine (Fig. 809, p. 274), has an orange juice which exhibits 
the movements of Cyclosis (page 423). 

Eschscholtzia has a peculiar enlargement of the upper part of the peduncle, from 
which the calyx separates like the extinguisher of a candle. 

Papaver somniferum, Opium Poppy. The unripe capsules yield a milky juice, 
which, when concrete, constitutes opium.* The active principle of opium is the 
alkaloid called Morphia, which is combined with meconic acid. Turkey opium 
is that chiefly used in Britain. The seeds of the opium poppy yield a bland oil, 
which is extensively used on the Continent Poppy oil-cake has also been used 
for cattle. 


Sanguinaria canadensis, Blood-root or Puccoon, yields a red juice. The plant is 
emetic and purgative. It contidns a basic matter Sanguinarine. 



Fig. 1376. Pig. 1878. Pig. 1377. 


1142. Nat. Ord. 14. — Fumaeiace.®, the Fumitory order (Figs. 
1375 to 1378). — Herbs with brittle stems, a watery juice, alternate, 

Figures 1876 to 1878 illnsirate the natural order Fumariacese. . 

Fig. 1876. Baoeme of Fumaria officinalis, with irregnlar petals, one of which is gibbous at the 


See account of preparation of opium at Patna, in Hook. Journal of Botany for August 1849, p. 881. 
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out^ exstipulate leaves, und irregiHar unsymmetrical flowers (Fig. 
1875). ^pals two, deciduous. Petals four, cruciate, irregular, one 
dr two of them often saccate or spurred, and the two inner frequently 
cohering at the apex, so as to include the anthers and stigma. Stamens 
either four and fi^, or six and diadelphous, each bundle being opposite 
the outer petals, and the central anther being two-celled, while the 
two outer are one-celled (Fig. 1376). Fruit, a round and indehisoent 
nut (Fig. 1377), or a one-celled and two-valved pod (Fig. 1378). 
Seeds crested, with a minute embryo and fleshy albumen. Fume- 
worts occur chiefly in temperate regions of the northern hemisphere. 
Some of them, as Diclytra spectabilis, are very showy. They possess 
slight bitterness and acridity. There are 1 10 known species. Ill, 
Qtn, — Hypecoum, Diclytra, Corydalis, Fumaria, Platycapnos. 

1143. Nat. Ord. 15. — CRUCirERiBor Brassicacejs, the Cruciferous 
or Cabbage order (Figs. 1379 to 1388). — Herbaceous plants with 



alternate, exstipulate leaves, racemose or corymbose flowers (Fig. 374, 
p. 157), usually yellow or white, and an ebracteated inflorescence. 


bftte. Fig. 1S7.6. Diagram of flower of Fumitory, allowing aingle bract below, two aepaifl, two 
outer and two inner petala, aix stamens in two bundles, two of the stamens perfect and four 
imparfact, one^Ued pistil with a single seed.-KSee note, p. 190). Fig. 1877. Frait of Fumitory, 
an achene. Fig. 1878. Section of Hypecoum, showing a pod-like fruit with nmneroua seeds. 
--(See p. 261). 

Figures 1879 to 1868 illustrate the natural order Chuoiferte. 

Fig. 1379. Diagram of a Cruoiflsrous flower, with four imbricate sepals, four petals, six 
stamens, tetradynamous, the two short ones solitary, and opposite the lateral sepals, the four 
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Sep>lB &Qr, deoidaouB (Pig. 1880).* Petals fem, craoiata (Fig. 1880). 
StamenB tetradynamons (Fig. 1881). Fruit, a mliqua (Fig. 1882), 

(^ ® <D 

Fig. 1888. Fig.lS8«. rig.1887, 

or silicula (Figs. 1383, 1384). Seeds exalbuminous (Fig. 1386) ; 
embryo with the radicle folded on the cotyledons (Figs. 1386-88). 
The want of symmetry in the flower is explained at page 190. The 
plants are generally distributed, but abound in cold and temperate 
regions, especially in Europe. There are about 1700 known species. 
Ill Qen. — Matthiola, Cheiranthus, Nasturtium, Barbarea, Arabia, Car- 
damine, Dentaria, Lunaria, Alyssum, Draba, Cochlearia, Thlaspi, Tees- 
dalia, Iberis, Cakile, Hesperis, Sisymbrium, Erysimum, Camelina, 
Capsella, Lepidium, Isatis, Brassica, Sinapis, Crambe, Raphanus, Bu- 
nias, Senebiera, Subulaiia, Schizopetalon. 

1144. The order has been divided into Sub-orders and Tribes, ac- 
cording to the nature of the fruit and of the embryo. The following are 
the Sub-orders founded on the nature of the fruit : — 1. Siliquosae, — 
a siliqua, opening by valves (Fig. 1382, Fig. 707, p. 248, and Fig. 826, 
p. 278). 2. Siliculosw, Latiseptso, — a silicula, opening with two flat or 

convex valves, replum in the broadest diameter (Fig. 1383, Fig. 827, 
p. 278). 3. Siliculosee, Angustisept®, — a silicula with folded or keeled 
dehiscent valves, replum in narrow diameter (Fig, 1384, Fig, 828, 
p, 278). 4. Nucumentaces?, — an indehiscent silicula, often one-celled, 

having no replum, 6. Soptulatee, — ^valves with transverse phragmata on 
their inside. 6. Lomentaceae, — a pod dividing transversely into single- 
seeded portions, the beak sometimes containing one or two seeds, while 
the true pod is abortive (Fig. 829, p, 27 8), Divisions of these sub-orders 
are formed according to the nature of the embryo : — 1. PleurorhizeaB 
(Fig. 1386), — cotyledons accumbent o =, 2. Notorhizeae (Fig. 1387), — 


long In pain opposite the anterior and posterior sepals, slliqnose fruit, with two divisions to tho 
right and left of the aacis, separated by a replnm, seeds attached by a funiculus to each side of the 
placentas. The floral symmetry is quaternary, but the stamens become six by collateral chorisis of 
two of them, and the froit bicarpellary by abortion of two of the carpels. Fig. 1880. Cruciferous 
flower of Brassica Eruca. Fig. 1881. Tetradynamous stamens of Wallflower, e, receptacle, r, gland at 
base of stamens, gl^ stigmas, tii. Fig. 1362. Siliqua of Wallflower, opening by two valves from be* 
low upwards, seeds in a single row, attached to either side of the siliqua. Fig. 1388. SiUoula of 
Draba, (Latiseptee) opening by two flat valves. Fig. 1884. Sdicula of Capsella (Angnstiseptm) open, 
ing by two folded boat-shaped valves. Fig. 1885. Eialbumbious seed of Wallflower. Fig. 1886. 
Accumbent cotyledons, and lateral radicle of Wallflower (Plonrorhizem). Fig. 1387. Incumbent 
cotyledons and dorsal rodide of Ueeperis (Notorhiaw®). Fig. 1388. Twice folded or colled op 
cotyledons and dorsal radide of Bunias (Spirolobem). 

Additional figures Ulnstrating the Cmoiferous order. Figs. 98 and 99, p. 48; Fig. 400, p 178 ; 
Fig. 480, p, 194 ; Rg. 618, p. 202 ; Fig. 04)4, p. 220 ; Fig. 708, p. 218 , Pig. 800, p. 297. 
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cotyledons inoombent o || , 8. Orthoploce®, — ootyled(ms eondnplicate 
4. Spirolobe® (Fig. 1388),— cotyledons twice folded o I| |J . 

6,' Diplecolobe®,— cotyledons thrice folded o || || || . — (See {oiler 
explanation of some of these terms, p. 304.) 

1145. Cracifers are antiscorbutio and pimgent, and occasionally 
acrid in their properties. None of them are poisonous. The order 
contains many of Ibe culinaiy vegetables in constant use. The plants 
have much nitrogen and sulphur in their composition. Many g^en 
flowers, as Wallflower, Stock, Eocket, and Honesty, belong to this order. 

Anastatioa hierochaiitiiia» the Eose of Jericho, is found in the deaerto of Syria and 
Egypt. Its annual stems, when withered and dried, coil up like a hall, but ex- 
pand on the application of mdatnre. 

Branca campestris is the origin of the Swedish Turnip. The seeds of B. chinen- 
sis famish oil at Shanghae. B. Napns, Rape or Coleseed, yields a bland fixed 
oil ; oO-cake is prepared from its seeds. B. oleracea, is t^ type whence the 
Tarieties of Cabbage, Brocoli, Cauliflower, and Greens are derived by onltivation. 
B. Rapa, the common Turnip. 

Coohlearia officinalis, common ^urvy-Grass, found both on the sea shore and high 
on the mountains. C. Armoracia (Armorada msticana) the Horse-radish. 

Crambe maritima, the Sea-kale. Its seeds yield a kind of oil-cake called CramboUna. 

Isatis tinctoria, Woad, yields a blue dye. Isatis indigotica, is used os Indigo in 
China. 

Lepidium sativum, common garden Cress, has pungent qualities. 

Kasturtium officinale, common water Cress, supplies an excellent salad. 

Raphanus aativus, the Radish (Fig. 594, p. 220). 

Sinapis alba, white Mustard. The seeds are whitish, and contain a fixed oil, with a 
principle called Sinapin, which gives rise to the formation of an acrid matter. 
Sinapis nigra (Brassica nigra), black Mustard. The seeds are dark coloTiied* 
and supply the proper table mustard. They contain a fixed oil, besides Myronic 
acid and Myrosine. The two latter, on the addition of water, combine and form 
a pungent volatile oil, on which the physiological action of mustard depends. 

1146. Nat. Ord. 16 . — Cappakidacejs, the Caper order (Figs. 
419, 420, p. 176). — Herbs, shrubs, or trees with alternate leaves and 
tetramerouB flowers ; allied to Crucifers, but distinguished by the sta- 
mens being often indefinite, and if six, scarcely ever tetradynamous, by 
the want of a replum in the one-celled ovary, which is often supported 
on a gynophore, and by their reniform seeds. Capparids are chiefly 
tropical plants. There are about 350 species. There are two sub- 
orders : — 1. Cleomeae, fruit capsular. 2. Cappareas, fruit berried. IH, 
Oen, — Gynandropsis, Cleome, Physostemon, Polanisia, Cadaba, Cap- 
pans, Cratasva. 

1147. In their properties, Capparids resemble Crucifers. They have 
pungent, stimulant, and antiscorbutic qualities. 

Oapporia apinoea (Fig. 419, p. 176) in the aoutbem parts of Europe, C. mpea^ria in 
Greece, C* Fontaneaii in Barbary, and 0. segyptlaca in Egypt, supply Capers, 
which are the flower-buds of the plants. The last named species is suppos^ to 
he the Hyssop (Esobb and Hyssopus) of Scripture. 

Cleome and PoUud^ frimish very pungent species, which are sometimes used like 
mustard. 
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On/tmn. gyiundn, Qarikk Pear, his « varfcant root 

Folaniria ioosaadra has been used as a Tenniftige. 

1148. Nat Ord. 17 .— Rbshdacb^, the Mignonette order (Fige. 
1889 to 1392).— HerbaoeouB plants, rarely shrubs, with alternate 
leaves having minnte glands at their base, and racemose or tanked 
inflorescence (Fig. 870, p. 155)- Sepals 4-7, sometimes nnited. 
Petals 2-7, lacerated mid tmequal, with broad or thickened claws (Figs. 
1389, 1390). Stamens definite, inserted on a fleshy disk. Fruit 

Fig. 1891. Fig. 18W. 

usually one^celled, opening early at the apex, with 3-6 parietal placen- 
tas (Figs. 1391, 1392) ; sometimes it appears as carpellary leaves sur- 
rounding a central placenta. Seeds several, reniform, or curved and 
exalbuminous ; embryo arcuate. The plants of the order chiefly inha- 
bit Europe and the adjoining parts of Asia and Africa. There are 41 
known species. IlL Qen. — ^Reseda, Astrocarpus. 

1149. The properties of the order are little known. Some of 
the species display slight acridity. 

Beieda LuteoU, Weld, yidds a yellow dye. Reseda odorata. Mignonette, !• prized 
for the fragrance of its dowers. It is rendered shmbby by pinching off the 
flower-buds. 

1150. Nat. Ord. 18. — FLACouRTiACEiE or Bixaceje, the Amotto 
order. — Shrubs or small trees, with alternate exstipulate leaves, often 
marked with round transparent dots. Sepals and petals 4-7, the latter 
sometimes 0. Stamens, same number as petals or a multiple of them. 
Ovules attached to parietal placentas. Fruit one-oelled, either fleshy 
and indehiscent, or a 4-5-valved capsule containing pulp, in which 
numerous albuminous seeds are enveloped. The plants are almost 
entirely natives of the hottest parts of the East and West Indies and 
of Africa. There are 90 known species. III. Gen. — Bixa, Oncoha, 
Ludia, Laetia, Frookia, Azara, Flacourtia, Erythrospermum. 

1151. Some of the plants of the order are bitter and astringent, 
others yield edible fruits. 

Bixa Orellana has angular seeds covered with an orange-red pulp, which constitutes 
Amotto, and is used for% red dye, and for staining cheese, as well as in the mann- 
frcture of Chocolate. 

*Flaooartia sapida and seplaria fhmish sub-add flruits. 



Fig. 1889. Fig. 139 a 


Fignrcfl 1889 to 1892 illastrate the natural order Resedaeeer. 

Fige 1889 and 1890. Lacerated petals of Beseda, with their eoale-like broad daws. Fig. 1891. 
Transrene section of the ovary of Beaeda, Showing three panetal placentas with severd ovdea. 
Fig. 1399 Fruit of Beseda, open at the apex, so that the seeds become seminnde or exposed. 
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1152. Nat. Ord. 19. — Cibtacejb, the Rock-rose order (Figs. 1893 
and 1394). — Shrubs or herbs, often viscid, with simple, entire leaves, 
and diowy flowers. Sepals 3*5, persistent, unequal, ibe three inner 
with twisted aestivation. Petals five, very rarely three, caducous, often 
crumpled, twisted in an opposite direction from the sepals. Stamens 
definite or oo, distinct. Fruit a one-oelled capsule with parietal 
placentas, or imperfectly 3-5-celled, by dissepiments arising from the 




Fig. 1894. 


middle of the valves, and bearing placentas at or near the axis (de- 
hiscence being loculicidal). Seeds usually orthotropal, with mealy 
albumen ; embryo curved or spiral. The plants are found chiefiy in 
the south of Europe and north of Africa. There are about 190 
known species. Ill, Oen, — Fumana, Cistus, Helianthemum, Lechea, 
Hudsonia. 

1153. The Rock-roses are generally resinous and balsamic. 


Cistus creticus (Fig. 629, p. 205), and other species (C. ladaniferus, C. Ledon), fur- 
nish the resinous substance called Ladanum, which is used as a stimulant and 
emmenagogue. Some suppose that this is the m 3 m'h mentioned in Genesis 
under the Hebrew name of Lot 

Gochlospermnm Gossypiwm yields the gum Kuteera, which resembles tragocanth in 
its properties. 

Helianthemum vulgare, and its varieties, show a remarkable irritability in the sta- 
mens when touched (page 567). 

1154, Nat. Ord. 20, — Violace.®, the Violet' order (Figs. 1395 to 
1399). — ^Herbs or shrubby plants, with usually alternate, stipulate 
leaves (Fig. 321, p, 137), having an involute vernation, and flowers 
often irregular (Fig. 320, p. 137, and Fig. 398, p. 168). Sepals five, 
persistent, attached above their base. Petals five, often unequal, one 
being spurred (Fig. 1396). Stamens five, with short and broad fila- 
ments, which are often elongated beyond the introrse anther lobes ; 
in the irregular flowers two of the stamens have appendages ; anthers 
sometimes muted (Fig. 1397, Fig. 650, n. 234). Style declinate, 
with an oblique hooded stigma (Fig. 1397, Fig. 750, p. 256). Fruit 


Figoret 1393 and 1384 illoatratc tho natural order Cixtacoee. 

Fig. 1393. PIflgmm of the flower of lleUanthemmn, allowing two outer lepols, three inner con- 
torted, five petals te iated in an oi^lto direction to the sepuls, numerous stamens, a one-oelled pistil 
with tiuee parietal placentas Fig. 1394. Section of flower of Helianthemum, showing sepals, petals, 
indefinite stamens, ovary with nnmoroua ovules, short style and peltate stigma. 
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» three-valved capsule (Fig. 1898), with parietal placentas in the 
middle of the valves (looulioidal). Seeds definite or », albuminous, 



Pig. ma. 


Fig. 1898. 



Fig. 1397. 



Fig. 1899. 


anatropal, with a straight embryo (Fig. 1399). There are two sub- 
orders: — L ViolesB, with irregular flowers, occurring chiefly in Europe, 
Siberia, and America ; 2. Alsode®, with regular flowers, principally 
found in South America and Africa.* There are upwards of 300 
known species. Ill, Gen, — Viola, lonidium, Amphirrhox, Alsodeia. 

1155. The Violet- worts are generally emetic, and some have pur- 
gative properties. In the roots of many of them a principle called 
Violin, similar to Emetin, has been found. 

lonidinm parviflomm, and other speclee, are caUed Cuchonchnlly, and are used in 
Peru and in other parts of America as cathartics and emetics, lonidium Itubu, 
called Poaja, yields a root which is employed like Ipecacoan. 

Viola canina, Dog Violet, has been prescribed in skin diseases. Viola odorata, March 
Violet, is famed for its fragrance. It is the Ion of the Greeks. Its petals yield 
a blue colour, used as a test for acids and alkalies, and they possess laxative quali- 
ties. The root of the plant is emetic and purgative. Viola tricolor is the origin 
of all the varieties of Pansy or Heartsease. 

1156. Nat.Ord. 21. — DROSERACE.fi, the Sun-dew order (Figs. 1400, 
1401). — Herbaceous marsh-plants, often covered with glandular hairs 

Figures 1895 to 1399 illustrate the natural order ViolaceaB. 

Fig. 1895. Diagram of the flower of the Pansy, having five sepals, five petals, five stamens 
with appendages, a three-valved fruit with parietal placentas. Fig. 1896. Section of the flower 
of a Violet, showing the spurred petal, with a staminal appendage within it, and the ovary with 
nnmerons ovules. Fig. 1897. Five stamens of a Violet united by their anthers, two of them with 
long filiform appendages; obliquely hooded stigma in the centre. Fig. 1898. Fruit of the Pansy 
opening in a locuUcidal manner by three valves. Seeds numerous in the middle of the valves* 
Fig. 1899. Anatropal seed of the Pansy cut vertically, showing the straight embryo, with the coty- 
ledons, cott in the midst of albumen, a/. The hilum is marked A, the ohalasa, cA, and the raphe, r. 

* Some add SauvageaiesB, which have regular flowers, with no apicilar staminal appeudagies, live 
hypogynous soales, and septioidal fruit. 
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(Fjg, 1400) ; they hiive alternate leaves, with fringes at their base, 
and a drcmate vernation. Sepals five, persistent Petals five, im- 



Fig. 1400. Fig 1401. 


bricate. Stamens as many as petals, or two or three times as many, 
distinct, withering. Styles 3-5, sometimes united. Fruit a one- 
celled, 3-5-va1yed capsule, with loculicidal dehiscence. Seeds nume- 
rous ; embryo small, in the base of fleshy albumen. The plants are 
found in marshy grounds in various parts of the world. There are 
90 known species. lU. Qen. — Drosera, Aldrovanda, Drosophyllum, 
Dionffia. 

1157. The Sundews have acid and slightly acrid properties. 

Aldrovaoda yesiculosa b so called on account of its reside-like leaves, whidi are 
whorled and cellular. 

Dionaa musdpula, Venus's Fly-trap (Fig. 1401), found in the I^orth American 
marshes, has hairs on its leaves, which, when touched, cause the doeure of the 
two halves of the blade (p. 487). 

Drosera, Sundew. The spedes are remarkable for their glandular hairs, whidi are 
cov^ed with drops of fluid in sunshine (Fig. 1400). Hence the name of Eos 
Solis, and of the Italian liqueur Rossoli, in the preparation of which a spedes of 
Sun^w is employed. The hairs in some of the Droseras (D. lunata) are said to 
dose upon insects whidi light on them. Drosera communis is said to be poison- 
ous to aheep. 

1158. Nat. Ord. 22. — PoLYGALACEiB, the Milkwort order (Figs. 
1402 and 1403). — Herbs or shrubs with simple exstipulate leaves 
(Fig. 1402). Pedicels have three bracts, and the flowers are irregular, 
unsymmetrioal, and falsely papilionaceous. Sepals five, irregular, odd 
one posterior, two inner ones (wings) usually petaloid. Petals more or 
less united, usually three, of which one (the keel) is anterior, larger, 
and sometimes crested. Stamens 6-8, usually combined into a tube 
which is t^lit on the upper side; anthers one-celled, opening by 

Figons 1400 ukd 1401 iHaitrata the natural order Droietaoeas. 

Ftg. 1400. Leaf of Droaera rotondlfolia, or round-leaved Sundew, covered with glandular haiit. 
Fig. 1401. Leaves of Dioniaa nnisciptila, called Venus'e Fly-trap, ahowtng the expanded blade of 
the leaf; a, with three irritable haira on each division of the lamina. Those hairs, when touched 
oante the dosnre of the two halves of the lamina or blade of the leaf. 
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pores. Ovary nsoally two celled, with a single pendnlons, anatropal 
ovule in each cell; style curved. Cap- • 
sule flattened with albuminous, camncu- 
late seeds, containing a straight embryo. 

The order is considered by St. Hil- 
aire and others as allied to Sapindacece, 
and some authors place it near Legumi- 
nosfe, from which it differs in its hypo- 
gynous stamens, and in the odd sepal being 
superior and the odd petal inferior. The 
plants are scattered over various quarters 
of the globe. There are about 500 known species. lU. 
Oen, — Salomonia, Polygala, Mundia, Securidaca. 

1159. The Milkworts are generally bitter and acrid, 
and their roots yield a milky juice. 

Polygala Senega, Snake-root, is a North American species, the root 
of which is used as an emetic, cathartic, and sialagogne. It con- 
tains an acrid principle called Polygaline or Senegine. Many 
other species of Polyi^a have similar qualities, and are reputed 
to be antidotes to the bites of snakes. 

1160. Nat. Ord. 23. — KrameriacejE, the Rhatany 
order. — The genus Krameria is the only one in this order 
which differs from Polygalacese in the want of the falsely 
papilionaceous flowers, in its simple one-celled ovary, and 
in the absence of albumen. 

Elrameria triandra, which yields the Rbatany-root, is a native o 
South America. The root is very astringent It yields a 
blood-red-infdsion, which has been used to adulterate port wine. It is prescribed 
medicinally as an astringent in hemorrhage and chronic mucous Charges. It 
is also mixed with diarcoal in tooth-powder. 


Fig. 1403. 


1161. Nat. Ord. 24.— Tbemakbracejb, tbe Porewort order. — 
The plants of this order ore slender, heath-like shrubs, with hairs 
usually glandular. They are allied to Polygalacew, and differ in 
their regular symmetrical flowers, valvate calyx, and hooked appendages 
at the apex of their seeds. They are found in New Holland. There 
are 16 known species. Ill, Oen, — ^Tetratheca, Tremandra, Platytheca. 

1162. Nat, Ord. 25. — ^TAMARicACEiB, the Tamarisk order (Figs. 
1404-5). — Shrubs or herbs usually growing by the sea-side, with 
entire, scale-like leaves, and spiked or racemose flowers (Fig. 1404). 
Calyx 4-5-parted, persistent. Petals 4-5, withering, imbricate. 
Stamens 4-5, or twice that^ number, free or united ; anthers introrse, 
opening longitudinally. Styles thr^. Fruit, a ^ree-valved, one- 


Figures 1402 and 1408 Illustrate the natural order PoljgalaoeA. 

Fig. 1402. Polygala vulgaris, common Milkwort, with its simple ezstipnlate leaves, Irregular 
Sowers, and crested ke^. ^Fig. 1403. Ulagram of the flower of Polygala, with three hraota, five un* 
squai sepals, two Interior large and petaloid, flve (usually only three) unequal petals, eight stamens 
diadelphous, and a twoHselled ovary. Tbe pollen of Polygtfla is represented in Figs. €60, 661, p. 286. 
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oeOed oapeole, with three basal or parietal placentas, bearing numerons 
anatropal, oomose, exalbuininous seeds* Embryo straight. The species 



Fig. 1404 Fig 1406 


abound in the basin of the Mediterranean, and are confined to the 
northern hemisphere of the Old World, The known species amount 
to 43. Ill Oen, — Tamarix, Myricaria, Trichaurus. 

1163. Tamarisks have an astringent, and slightly bitter and tonic 
bark. Those growing close to the sea abound in salts of soda. 

Myricaria germaoica is a comnioii omamental garden shrub. 

Tamarix aMcana and T. gallica (Fig. 1404), when burned, yield much snlpfaate of 
soda. The latter is said to be one of the plants which yield manna. Tamarix 
mannifera produces a kind of manna (called Mount Sinai manna), which seems 
to be a secretion from a species of Coccus inhabiting the tree. Other species 
of Tamarix are attacked by gall-producing insects, and the galls are used as 
astringents. Tamarix orientalis (Fig. 1405) is said to be the Hebrew Eshel, 
which is translated in some parts of the Bible, grove, and tree. — (See Gen. xxL 38 ; 
1 Sam. xxii. 6, and xxxi. 18). 

1164. Nat. Ord. 26 . — ^Frankeniace.£, the Frankenia order. — 
Herbs or undersbrubs, with opposite exstipulate leaves, and flowers em- 
bosomed in leaves. They are allied to Caryophyllaceie, and differ in 
their parietal placentation, and straight embryo. They have a tubular 
furrowed calyx, and long-clawed petals with appendicular scales. They 
occur chiefly in the north of AMca and south of Europe. Their pro- 
perties are mucilaginous. There are 24 Joiown species. HI Oen . — 
Frankenia, Beatsonia, Anisadenia. 

1166. Nat. Ord. 27 . — Elatinacb.®, the Water-pepper order. — 

Mgincs 1404 and 1405 illustrate the natural order Tamarioaoesa. 

Big. 1401 Tamarix gallloa, aupposed by lome to be one of the planta whieh supplied the manna 
mentioned in Scripture, Exod. xvi. 15, Ac. Fig. 1406. Tamarix orientallt, the Tamansk-tree of the 
Bast, supposed to be the Eshel of the Hebrewi 
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Small annuals growing in marshes, with opposite leaves, intetpetiolarj 
membranaceous stipules, and minute axMary flowers. Sepals and 
petals 3-5. Stamens as many, or twice as many as the petals, dis- 
tinct. Fruit a 3-5-celled septicidal capsule. Seeds numerous, at- 
tached to a central placenta, exalbuminous ; embryo straight. The 
order is perhaps allied to Butacese, in which alliance it is placed by 
Lindley. The plants are found in all quarters of the globe. Their 
properties are said to be acrid ; hence the English name of the order. 
There are 22 known species. lU. Gen, — Elatine, Bergia, Anatropa. 

1166. Nat. Ord, 28. — Caeyophyllace^, the Clovewort order 
(Figs. 1406 to 1412). — ^Herbaceous plants with stems tumid at the 



Fig. 1406. 




Hg. 1407 



Fig. 1411. Fig. 1412. 



lig. 1406 



Fig. 1410. 


articulations, entire, opposite leaves, and cymose inflorescence (Fig. 397, 
p. 168). Sepals 4-5, distinct or united (Fig. 1407, Fig. 485, p. 196). 
Petals 4-5, unguiculate (Fig. 1408, Fig. 459, p. 189), sometimes 0. 


Flgnreg 1400 to 1412 itliutnte the natnral onUr CfUTophrUacen. 

Fig. 1406 niagraia of the flover of Diaathoe, belongliigto the sutHxrder aileneflo, aliofviiiig five 
imhrieatod eepalt which are onltod below, five imbricated and contorted petala» ten itamene In two 
rowi, ovary at fleet with partlttona but finally one-oelled with a free central plaoenta. Ilg. 1407. 
Flower of Lydhnli with gamoeepalone calyx, five unguiculate or bifid petali having walea at the 
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Stamens as many, or twice as many as the petals, sometimes fewer. 
Ovary often snpported on a gynophore (Fig. 1409), usually one 
celled, with a free central placenta (Fig. 1410). Styles 2-5, papil- 
lose on their inner surface (Figs. 1409 and 1410). Fruit a capsule 
opening by 2-5 valves, or by teeth at the apex, which are twice 
as many as the stigmas (Fig. 1411). Seeds usually indefinite; 
embryo curved round mealy albumen (Fig. 1412). There are three 
Sub-oiders: — 1. Sileneae, the Pink tribe, with united sepals opposite 
the stamens when the latter are of the same number. 2. Alsineie, the 
Chickweed tribe, with distinct sepals, bearing the same relation to the 
stamens as in Sfieness. 3. Molluginece, the Carpetweed tribe, in which 
the petals are awanting, and the stamens are alternate with the sepals 
when of the same number. The plants are found principally in tem- 
perate and cold regions. There are about llOO known species. lU* 
Oen. — Dianthus, Saponaria, G^ypsophila, Silene, Lychnis, CucubaluB, 
Sagina, Buffonia, Alsine, Honckenya, Arenaria, Stellaria, Cerastium, 
Mollugo. 

1167. Clove worts have scarcely any marked properties. Some 
say that the principle called Saponine, which is found in some of the 
plants, has poisonous qualities. Some of the plants have showy 
flowers. 

DiantbiiB CtiyophyUiiS) the Clove-pink, is the origin of aU the cultivated varieties 
of Carnation. In the variety caUed Picotee, the petals are slightly serrated with 
8 number of small dots or lines either on a white or a yellow grotmd. In the 
Carnation the petals are entire or striped only ; there are no dots nor small lines, 
and no break in the colour of the stripe. Bizarres are Carnations with two or 
more colours on a white ground. Flakes are Carnations with only one colour. 

Saponaria contains Saponine, which imparts to it saponaceous qualities. The same 
principle is found in species of Silene, Lychnis, and Cacuhalus. 

1168. Nat. Ord. 29. — VmANiACEJE, the Viviania order. — Her- 
baceous or Buffniticose plants, with opposite or whorled exstipulate 
leaves and regular flowers in corymbose cymes. They are charac- 
terised by a ten-ribbed valvate c^yx, a marcescent corolla, ten free 
stamens, a three-celled loculicidal capsule, and albuminous seeds, with 
a curved embryo. They are found in South America, and are not 
remarkable for any useful properties. There are 15 kiiown species. 
lU. Oen. — CaBsarea, Viviania, Linostigma. 

1169. Nat. Ord. 80 . — Malvacb.^, the Mallow order (Figs. 1413 
to 1418). — Herbs, shrubs, or trees, with alternate, stipulate, psdmately- 
divided leaves (Fig. 101, p. 44), often stellate hairs, and showy in- 

« 

fhroat rig. 1406. Unguiculate petal of Pink. Pig. 1400. Capenle of Fink oompoaed of two oaipela 
with two atylea whiofa are atigmatoae along their inner snrfooe ; the ovaiy la atipitate or supported 
on a gynophore, p. Fig. 1410. Flower of Lyohnif cnt loogitadinally, ahowing the capenle with 
Its central plaoenta/md nunerooa ovnlea. Three out of five atylee are left. Fig. 1411. Fmit of 
Lyohnia opening by ten teeth at ito apes, ^ forrounded by the perdatent calyx with its flte aeg. 
SMota. Fig. 1419. Seed of lychnis, ahowing the embryo curved round mealy albmnen. 

For additkmal lUnstrationa, see Fig. 404, p. 170; Fig. 728, p. 960; Figs. 809 and 804, P- 897. 
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volncrate flowers on axillaiy peduncles (Fig. 1414). Sepals five, 
rarely three or four, united at the base, valvate, often having an epi- 
calyx. Petals of the same number as Ibe sepali^ twisted (F^. 1418). 



Stamens oo, monadelphous, united to the claws of the petals ; anthers 
one-oelled, reniform, introrse, opening transversely (Fig. 1416) ; pollen 
hispid (Fig. 1417). A many-celled ovaiy, with placentas in the 

Flgores 1418 to 1418 illustrate the natural order HalraoesB. 

Fig. 1418. lllagram of floiw of Mallow, ahowing tiiree parts of epicalyz or involnore, fivo paiit 
of the valyate oal^ five contorted petals^ numerous monaddplions columnar stamens, ovary eom- 
posed of numerous caxpds united round a central azla. Fig. 1414. Gymose axillary duster of flowen 
of Malva sylvestiii. Fig. 141S. Vertloal section of the flower of MaUow, showing calyz, eovolla 
monadslphona stamens and the carpels. Fig. 1416. Monadelphous stamens, ibrmbig a eoimnna 
androedum ; anthers one-oelled, reniftmn, opening hy atransverse elit Fig. 1417. FOUsn of Mallow, 
with rough points on the ezt)ne. Fig. 1418. Persistent calyx surrounding the fruit of the MaQow. 
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aads (Fig, 1418) ; or several ovaries, separate or separable when ripe ; 
styles equal in number to the carpels, distinct or united. Fruit com- 
posed of several monospennal or polyspermal carpels, either combined 
or separate. Seeds with little albumen ; embryo curved with folded 
cotyledons. The plants abound in tropical regions, and in the hotter 
parts of the temperate zone. There are 1000 known species. Ill* 
Gen.— Malope, Altb«a, Lavatera, Malva, Sida, Abutilon, Urena, Pa- 
vonia, Thespesia, Abelmoschus, Hibiscus, Gossypium, Lagunea. 

1170. The properties of the Mallowworts are mucilaginous and 
demulcent. They supply various kinds of fibres. 

Abdmoschus escalentus furniahes a muollaginoua fruit used in Boup8> and called 
Ochro, Okra, or Gombo. 

Abutilon esculentum. Its flowers are used in Brazil as a vegetable. 

Althna oflBciiiflliSi Marsh Mallow, the Guimauve of the French, is used medicinally 
to supply mucilage. Althaea rosea, ilie Hollyhock, the Malache of Dioscorides, 
has similar properties. Its leaves furnish a blue dye like Indigo. In 1821, 280 
acres of land in England were planted with it in order to furnish flbres. 

Gossypium. Various species of this genus furnish cotton, which consists of the 
hairs attached to th^seeds. These haim are usually hoUow cells, but occasionally 
* they become flattened.* There are probably four distinct species of plants Air* 
Dishing the Cotton of commerce 1. Gossypium herbaceum (Fig. 101, p. 44), 
the common Cotton plant of India, a variety of which supplies the Chinese 
or Nankin Cotton. 2. G. arboreum, the Tree-Cotton of India, with red flowers, 
and a fine silky cotton. 8. G. barbadense, Barbadoes Cotton, called in India 
Bourbon Cotton ; this supplies the highly esteemed Sea Island Cotton, also 
the Georgian and New Orleans Cotton. 4. G. pemvianum of Cavanilles, or G. 
acuminatum, which supplies the Pernambuco or Brazil Cotton \ it has black 
seeds adhering together into a kidney-shaped mass. The quality of Cotton is 
influenced much by the dryness and moisture of the climate. It does not thrive 
ip a very moist atmosphere. In Sea- Island Cotton it is not found that the salts 
of soda exist in great quantity. It chiefly contains salts of potash. The value 
of Cotton in manufacture depends on the length or tenacity of its tissue or staple.f 
The import of Cotton into Great Britain in 1850, amounted to 928,248,232 
pounds. The growth of the cotton manufacture in this country will be shown by 
the following statement of the weight of the raw material used in difTerent years 
of the present century, \iz. — 


1800 

1806 

1810 

Lbs. 

66,010,782 

69,682,406 

132,488,936 

1836 

1840 

1846 

Lbs. 

868,702,968 

692,488,000 

721,979,968 

1815 

99;306;343 

1846 

U2]75d,m 

1820 

161,672,666 

1847 

474,707,615 

1825 

228,006,291 

1848 

718,020,161 

1880 


1849 

775,469,008 


The average weekly consumption of cotton in Great Britain in 1862, was esti- 
mated at 85,804 bales (average weight of each 880 lbs.), consisting of 5750 Up- 
land, 22,002 New Orleans and Alabama, and 450 ^ Island (in all 28,202 
Am^can), 2404 Brazil, 1877 Egyptian, 3162 East Indian, and 159 West In- 
dian, Ac. The seeds of Cotton supply oil fit for lamps, and when bruised they 


* CnuD, in speaklttg of dyeing, says that in the case of cotton there is usnally an absorption of 
the fluid, and then la the process a deposit of the metallic or solid colouring matter inside the tubes. 
In stmie cases in which the cotton was not dyed, he found it a flattened solid fibre, without any tube. 
This may depend on an abortive state the seed oomUned with pressure, 
t Boris sn the Culture and Commerce Cotton in India and elsewhere. 
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Are used for oil-cAke. In Ettiher L 6^ the Hebrew word trioiBlAted Qreetit ie a 
Sanscrit word, Karpaa, which is mpposed to mean cotton. Cotton is noticed 
in Sanscrit writings 800 B.G. Cotton seems to be meant by the Latin word Car- 
basns. Boyle suggests, that the curtain found by Layard at Nineveh, which fell 
to pieces when touched, was made of Cotton. 

Hibiscus cannabinus* Its inner bark fhmishes a kind of Sun-honp in India. Hibis> 
cns mntabiliB has showy dowers which change colour, passingin the course of the 
day from a cream-coloured rose to a delicate pink or rich rose* Hibiscus Bosa- 
sinensis. Its petals are used by the Chinese to blacken their eye-brows. 

Lavatera arborea, the Tree-MaUow, grows on rocks exposed to the influence of the 
sea, as on the Bass Bock and Ailsa Crag. 

Malaohra capltata. Its leaves are used in Panama as an anthelmintiSl 

Malva Alcea, has astringent petals which furnish a black dye. Blalva sylvestris, 
the common Mallow, has been used as a demulcent 

Paritinm tiliaceum is employed for the preparation of cordage. 

Sida. Varioos species of this genus fomish fibres. Sida Phyllanthos and Sida 
Pichinchensis ascend on the mountain of Antisana and the volcano Rncu- 
Pichincha, to the elevation of 13,000 or 15,000 feet. 

1171. NatOrd. 31. — Sterculiace^, the Silk-cotton order. — ^Large 
trees or shrubs, with simple or compound leaves, and occasionally uni- 
sexual flowers, resembling the Malvaceae in thw general characters, 
particularly in their columnar stamens, but <nfering in their two- 
celled extrorse anthers. They are tropical plants. There are 130 
known species. HI. Oen. — Adansonia, Eriodendron, Bombax, Durio, 
Ocbroma, Cheirostemon, Helicteres, Heritiera, Sterculia, Delabechea. 

1172. The Sterculiads resemble the Malvaceae in their properties. 

Adansonia digitata (Fig. 176, p. 78), the Baobab tree, Monkey-bread or Ethiopian 
Sour-gourd, is one of the largest trees in the world, its trunk attaining a diameter 
of 30 feet. Its fruit yields an acid pulp which is mixed with water, and used as 
a drink. Its leaves, when dried, famish the substance called Lalo, employed in 
Africa os an astringent. The tree yields usefnl fibres. The bark is febrifugal. 

Bombax Ceiba, the Silk Cotton-tree, has a cottony matter surrounding its seeds, 
which is used for stufiing cushions and other domestic purposes. Suola is also 
the case with Bombax pentandmm, the Cotton-tree of India. The hairs want 
the tenacity required for manofacture. Canoes are made from the trunk of 
Bombax in the West Indies. 

Brachychiton is the BotUe-tree of New Holland. 

Cheirostemon platanoides, Arbol de las Manitas, or the Hand-plant of Mexico (Mac- 
palxochiquahailt of the Mexicans), is so caUed from the peculiar appearance of 
its five carved anthers. 

Chorisia speclosa, yields a Cotton called vegetable silk, used for stuffing cushions. 

Durio zibethinus, the Durian, yields an edible fruit with a civet-like odour. At first 
the perfume is very disagreeable, but by degrees the fruit is highly relished. 

Eriodendron Samauma summits all the trees in the Amazon forests, and is called by 
Sprace the monarch of the forest. It rarely puts forth a branch until it has over- 
topped all the trees around. 

Hdicteres, Screw-tree, so called on account of the screw-like appearance of its 
twisted follicles. 

Ochroma I^igopus is a West Indian tree, having a lij^t oork-like wood, a tonic 
bark, and a woolly lining of its fruit. 

Sterculia guttata and villosa famish fibres which are made into ropes and cloth. 

1173. Nat. Ord. 32. — Byttneriace.®, the Chocolate order (Fig. 
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14i9}.-^TiQ68, dumbs, and ttndersbrubs, with simple leaves, resem- 
bling the Stercnliaoem and Mdvaoead, but differ- 
ing fh>m the former in their introrse anthers, 
slightly monadelphous and often partially sterile 
stamens; and ^m the latter in their usually 
definite not columnar stamens, two-celled anthers, 
and smooth pollen. The ^t is a capsule com- 
posed of a few carpels. They are chiefiy tropical 
or sub-tropical plants. Upwards of 400 species 
have been recorded. Eh Oen. — Thomasia, Lasio- 
petalum, Abroma, Byttneria, Theobroma, Guaz- 
uma, Hermannia, Pentapetes, Dombeya, Astra- 
Fig.1419. piea, Pterospermum, Eriolcena. 

1174. In their properties Byttneriads resemble Malvacem. 

Abroma angoBtam has a fibroiu bark, which is used fbr cordage. 

Gnazoma olmifolia yidds a sweetish macilaginoas fruit. 

Theobroma Cacao, the Gacao>tree (Fig. 1418), is a small tree which abounds In the 
forests of Demerary. From the seeds called Cacao-beans, the substances callctd 
Cocoa and Choooli^ are prepared. The former consists of the roasted seeds or 
their outer coverings, reduced to powder, while the latter is prepared from the 
beans, with a mixture of Sugar, Vanilla, Cinnamon, and Arnotto. In 1862 the 
British importation of Cocoa was 6,268,525 lbs., of which 8,882,944 were for home 
consumption. The seeds contain a tonic principle called Theobromine;, allied to 
Theine, and a fatty oil is expressed from them called the Butter of Cacao. From 
the pulp of the fruit a kind of spirit Is distilled. 

1175. Nat. Ord. 33. — TiLiACEiE, the Linden order (Fig. 357, p. 
151, Fig. 929, p. 307). — Trees or shrubs with alternate leaves hav- 
ing deciduous stipules (Fig. 282, p. 123), floral envelopes tetramerous 
or pentamerous, calyx valvate, stamens oo, outer ones sometimes peta- 
loid and abortive, anthers two-celled (Fig. 651, p. 234), a glandular 
disk, style one, finiit dry or pulpy with several cells, often by abortion 
one-celled, seeds anatropal and albuminous. They are chiefly tropical 
plants. In northern temperate regions some form timber-trees. There 
are upwards of 350 known species. EL Oen, — Sloanea, Luhea, Cor- 
chorus, Triumfetta, Tilia, Grewia, Aristotelia, Elaeocarpus, Monocera, 
Friesia. 

1176. The plants of the order possess mucilaginous qualities. 
Many of them yield timber, fibres, and edible fruits. 

Aristot^ Maqui produces a succulent fruit, which is eaten, and is made into wine. 

Corchorns capsularis yields the textile material called Jut^ or Jute Hemp, used for 
maanfrcturing coarse canvas or Gunny, of which Rice-bags are made. C. olitorins, 
Jews* Mallow, is used as a pot-herb. The infusion of the leaves of C. mompox- 
anaht is usod as tea In Panama. 

Grewia sepida. Its berries are acid, and are used for Sherbet in the East 

Tula enropna, the lime or Linden tree, has a fibrous endophlcBum, which ftunishes 
the Bass or Bast employed in the manufacture of Russian mats, and used by 
gardeners in tying up plants. The wood is used for wainsooating and carving, 


figure 1419 iUuatntes the natural order Byttneriaoete. Theobroma Cacao, the small tree which 
yields Cacao beans, whence ooeoa and chocolate are made. The large capsular fruit Is riiown which 
contains pulp and seeds. 
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md for the manofacture of gonpowder- ch a r ooa l . An inftksioii of the flowen hai * 
been need as an antlepaemodio and eedatiTe. T. amerioana ie called Baeewood* 

1177. Nat. Ord. 34 . — Diptebocarpaobjs or DiPTERACE-as, the 
Sumatra-Camphor order. — ^Laxge trees mth resmons juice, alternate, 
involute leaves, convolute stipules ; long, wing-like, imMcate, unequal, 
calyx lobes; contorted petals; indefinite, distinct, or polyadelphous 
stamens, subulate anthers ; coriaceous, one-celled £^t, surrounded by 
the calyx, the enlarged divisions of which form winged appendages ; 
single, exalbuminous seed. Tropical Indian trees. There are nearly 
50 known species. Ilh Gen» — Dipterocarpus, Dryabalanops, Yateria, 
Shorea. 

1178. The plants of this order yield a resinous balsamic juice 
which assumes various forms. 

Dipterocarpus. Yarions species yield a balsam called Guijun or Wood^oil, which is 
used like Copaiva Balsam, and is also employed in painting. 

Dryabalanops Camphora or aromatica, supplies the hard Camphor of Sumatra, whidi 
exists in a solid state in the interior of the wood, sometimes in pieces weighing 
10 or 12 lbs. It also yields on incision a resinous oily fluid called the liquid 
Camphor, or Camphor-oil of Borneo. The tree is from 100-180 ^t high, and 
7-10 fset in diameter at its base. 

Shorea robusta. The wood is much used in India under the name of SiiL' The 
plant also yields a balsamic resin called Dhoona or Dammer pitch, used for 
incense. 

Yateria indica famishes the Piney Resin or Finey Dammar of IncUa, which is exten- 
sively used as a varnish, and for making candles. 

1179. Nat, Ord. 35. — CHL.®NACEiE, the Leptol»na order. — Trees 
or shrubs with alternate, feather- veined, entire leaves, convolute sti- 
pules, involucrate flowers, which have three imbricate sepals, five con- 
volute petals, numerous stamens, often monadelphous, a three-celled 
ovary, a capsular fruit, and albuminous seeds. They are found in 
Madagascar. There are about 8 species, the properties of which are 
not known. IlL Oen, — Sarcolaana, Leptolrona, Schizolmna, Rhodolsena. 

1180. Nat. Ord. 36 . — Teknstromiace^, the Tea order (Figs. 



llg.im Fig. 1481. 


1420, 1421). — Trees or shrubs with alternate coriaceous, usually exsti- 

Fignnsl430 and 1421 iUoitrate the naturfd order Ternstxomiacesr. 

Fig. 14i90. Thee Bohea, or Caatononeu, the plant which yield# Black and Green Tea at Canton. 
Fig. 14iSl. niea viridis, the plant of the best Tea diftzicte of China, which suppUei the Black and Green 
Tea generally need in Britain. 
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pnlate, and entire leaves, showy and generally imsymmetrioal flowers. 
S^als 5-7, with imbricate aestivation. Petals 5, 6, or 9, often com- 
bined at the base. Stamens oo, distinct or united. Fruit a 2-7-celled 
capsule, usually with a central column. Seeds large, very few, with 
or without albumen. They are ornamental plants, found chiefly in 
Tropical America and in Eastern Asia. Those cultivated in Britain 
are principally from North America and China, There are about 140 
known species. IlL Gen. — TemstrSmia, Freziera, Laplacea, Kielmey- 
era, Stuartia, Gordonia, Camellia, Thea, 

1181. The plants of the order have stimulating and slightly nar- 
cotic properties. 

CameUia japonica. Numerous varieties of this plant are cultivated, which are 
highly esteemed by florists. The plants require moderate protection in Britain. 
From the seeds of C. oleifera an oil is expressed. C. Sasanqua, called Sasanqua 
Tea, has fragrant flowers, which are sometimes mixed with other kinds of Tea. 

Freziera theoides, a shrub common on the volcano of Chiriqui, is used for Tea in 
Panama. 

Thea is the genus which includes the various species and varieties of Tea. Ac- 
cording to Fortune, there are two species of Tea, Thea Bohea (Fig. 1420), and 
Thea viridis (Fig. 1421), from each of which Black and Green Tea is manufac- 
tured. The latter species is that which supplies the Tea sent from China to 
Britain. The difference in the appearance and quality of Teas depends partly 
on the climate and species, but chiefly on the time of gathering, and the mode of 
manufacture. The young leaves, quickly dried and subjected to a particular kind 
of manipulation, supply the Green Tea, while the older leaves dried more dowly, 
and after undergoing a process of fermentation, constitute the Black Tea. In 
some instances Tea is dyed of a green colour by means of a mixture of Tur- 
meric, Prussian Blue, and Gypsum.* The ordinary Black Teas of commerce 
are known by the names of Bohea, Congou, Souchong, and Pekoe ; while the 
Green are Twankay, Hyson, Hyson Skin, Gunpowder, and ImperiaL Teas are 
occasionally perfumed by the addition of the flowers of Olea fragrans, and Aglaia 
odorata. The East India Company, at Dr. Boyle’s suggestion, are now culti- 
vating the Chinese Tea plant in their Himalayan possessions with great success. 
The plants were transported by Mr. Fortune from the best Tea district in China. 
In 1851 the Tea plantations in India covered 656 acres of public land, besides 
that in the occupation of the Zemindars. The Assam Tea is furnished by a dis- 
tinct species called Thea Assamica, with larger leaves and a taller stem. Tea con- 
tains oily matter, tannin, and a bitter principle called Theine, which is identical 
with Caffeine. In 1852 there were imported into Britain 66,361,020 lbs. of Tea, 
of which 54,724,615 were for heme consumption. Large quantities of a spurious 
article called Lie-TeOf has been of late imported into Britain for the purposes of 
adulteration. It consists of the sweepings of tea warehouses, granulated by ad- 
dition of gruel formed from the husks of rice, and coloured by addition of Tur- 
meric and Prussian Blue. The Brick Tea of Tliibet occurs in blocks, shaped like 
bricks, and wrapped up in paper or other materials. It is one of the Lie-Teas, 
pressed into moulds and dried. 

1182. Nat. Ord. 37. — Olacaceas, the Olax order. — ^Trees or shrubs, 
often spiny, with alternate, exstipulato leaves, a onp-shaped calyx, be- 

* Spedmeni of the dye, along with varioos kinds of Tea, have been presented by Mr. Fortune to 
the Edinburgh Museum of Economic Botany. For farther details relative to Tea, lee Fortune’s 
Three Years’ Wanderings in the Northern Provinces of China; Ball, on the Cultivatvai and Manu- 
facture of Tea; Boyle, Ulustrations of the Botany of the Himalaya, and Productive Eesonreea of 
India; Warrington on the Teas df Commerce, in the Quarterly Journal of the Chemical Sodety, iv. 
for June 1862. Scemann, in the Kew Miscellany for January 1862. 
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ing enlarged with the fhiit and often covering it, five valvate petals, 
6-10 stamens, partly sterile, five fertile ones being opposite the petals, 
a a succulent fruit with a hard endocarp, and an albuminous 
seeid without integuments (exutive). An order of mostly tropical 
shrubs, containing few species. Some yield edible fruits. III. Qen.— 
Opilia, Olax, Heisteria, Ximenia, Diplocalyx, lodina. 

1183. Nat. Ord. 38. — ^Icacinacb jb, the Icacina order.— Evergreen 
trees and shrubs allied to Olacace®, but differing in the calyx not 
enlarging with the fruit, stamens being alternate with the petals, ovary 
plurilocular, with a:^e placentation, and seeds having the usual integu- 
ments (indutive). The order is chiefly tropical. There are 65 species, 
the properties of which are not known. III. Qen. — ^Icacina, Sarcos- 
tigma, Pogopotalum. 

1184. Nat. Ord. 39. — CyrillaceuE, the Cyrilla order. — Evergreen 
shrubs with exstipulate leaves, allied to Olacaceas and differing chiefly 
in their imbricate not valvate petals, which are not hairy. They are 
found in North America. There are five species known. III, Oen . — 
Cyrilla, Elliottia. 

1185. Nat. Ord. 40. — AuRANTiACEiE, the Orange order (Figs. 1422 
to 1424). — Trees or shrubs with alternate, compound, exstipulate, 
dotted leaves, and fragrant flow'ers (Fig. 315, p. 135). Calyx short, 
urceolate or campanulate, 3-5-toothed. Petals 3-5. Stamens equal 



Fig. 1422. Fig, 1423. Fig. 1424. 


in number to the petals, or a multiple of them, inserted along with the 
petals on a hypogynous disk (Fig. 1423) ; filaments sometimes united in 
one or more bundles. Ovary free ; style cylindrical ; stigma thickish 
(Fig. 1423). Fruit a hesperidium (Fig. 1424), sometimes, as in fingered 
Citrons and homed Oranges becoming monstrous by the separation of 
the carpels (Figs. 886, 887, p. 294) or by the multiplication of car- 
pels, so that one fruit is included within another. Seeds exalbuminous 
(Figs. 898, 899, p. 299), often polyembryonous. Chiefly East Indian 
plants, the known species being about 100. III. Oen. — Limonia, 
Glycosmis, Eissoa, Bergera, Murraya, Cookia, Feronia, .®gle. Citrus. 

Figarei 1422 to 1424 illustrate the natural order Aorantiaceae. 

Rg. 1422. Diagram of the flower of the Orange, with five dinsiona of the calyx, fl ve imbricate petale, 
irregularly polyadelphoua atameni, and pulpy ovary. Fig. 1428. Piatil of Orange, with hypogynoue diak 
and atamen inserted into the lower part of it. Fig. 1424. Hespendium, or fruit of Orange (see 
p. 288), with separable rind, and separable pulpy cells formed by the endocarp. See also Orange ledf, 
Fig. 804, p 180 ; young fruit and disk, Fig. 867, p. 288. 

.8 k 
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1186. The leaves and the rind of the fruit contain a volatile fia- 
^ant oil, and the pulp of the fruit is more or less acid. 

ifigle Mannelos, the Indiaa Bael or Bela, ^rields a delicious firoit Its root and bark 
are antispasmodic. The decoction and jelly of the fhiit are used in diarrhoea. 

Citrus Aorantium, the Sweet Orange, has been so generally distributed over difiiBr- 
ent quarters of the globe, that Its native country can scarcely be determined. 
It has been naturalised in Europe. Oranges are imported into Britain from the 
Azores, Lisbon, Malta, and Sicily. In 1851 the imports were 300,500 packages, 
weighing 36,000 tons. The chief kinds are the Common Orange, the Chinese or 
Mandarin, the Maltese and the St. Michaels. The last is diaracterised by its 
smooth rind and absence of pips (p. 602). There are other varieties of Orange, 
such as the Navel Orange of Pemambnco, so called from the peculiar appear- 
ance at the top of the fruit (p. 293), and the Tangerine Orange. The Orange- 
tree is very fruitful ; a single tree will produce 20,000 Oranges fit for use. The 
rind yields an oil called Oil of Orange, while the flowers supply another kind of 
oil. Tho pulp of the fruit contains malic acid. C. vulgaki (C. Bigaradia 
of some antbors), the Bitter or Seville Orange, is probably a variety. It differs 
from the Sweet Orange in the larger wing of its petiole, its more fragrant flowers, 
its darker fruit, and its more bitter rind and pulp. In the young state, the fruit 
is known as Orangettes or Curagoa Oranges. The flowers yield an essential 
oil called NeroH oil. The distilled water of tlie flowers has hypnotic qualities. 
The rind of the Bitter Orange is used in conserves, as for making marmalade. 
C. Limonum, the Lemon, yields an acid antiscorbutic juice. It contains citric 
acid. Its rind is adherent and not separable like that of the Orange ; such is 
also tho case with the Lime and Citron. A good Lemon-tree will produce 
8000 liemons. The fruit is imported from Sicily, Spain, and Portugal. C. 
Limetta produces the Lime, and var. Bergamia, the Bergamot C. Medica is the 
source of the Citron.* C. Decumana furnishes the Shaddock ; C. poradisi the 
forbidden fndt ; and C. Pompelmos the Pompelmoose. C. japonica, the Kum- 
quat of China, is grown in pots for its flowers and fruit llie flruit is small, 
oval, and orange-coloured. 

Coolda punctata furnishes the edible Wampee fruit of China and of the Indian 
Archipelago. 

Feronia elephantum yields a gum resembling Gum Arabic. 

1187. Nat. Ord. 41. — Hypericace-®, the St. John's Wort order 
(Figs. 1425 to 1428). — Herbs, shrubs, 
or trees with a resinous juice, regular 
flowers, opposite, entire, exstipnlate leaves, 
usually with transparent dots and blackish 
glands. Sepals 4-5, persistent, two outer 
often smaller. Petals 4-5, unequal-sided, 
twisted in (estivation, oftpn bordered with 
black dots. Stamens generally oo and 

polyadelphous (Fig. 1426). Carpels 3-5 partially united. Fruit a 

Figoret 1425 to 1428 illuitrate the natural ordCT Hyperioacetr. 

Fig. 1425. Diagram of the flower of Hypericum, with five sepals, two of them exterior, five twisted 
petals, numerous polyadelphous stamens, three united carpels, with numerous seeds on a central 
placenta, which sends processes outwards. Fig. 1426. Section of a flower of H^ericum, showing 
sepals, petals, bundles of stamens, ovary with numerous ovules on a central placenta, and long styles. 
Fig. 14Sff. Flower of Pamassia palustris, showing the free stamens and the ovary. Fig. 1428. Petal 
of Pamassia, with a bundle of abortive stamens, usually called the nectary. Pamassia is removed 
from Droseracete on account of its exalbumiuous seeds, and other characters. 

* This seems to be the Hebrew Tappuacli, translated Apple-tree and Apples in Frov. xxv. 11 ; 
Cant, il 8, 5, vil. 8, nil. 6; Joel i. 12. 
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capsule with septioidal dehiscence. Seeds numerous and cxalbuminous. 
The order is generally distributed both in warm and temperate regions. 
There are 280 known species. The properties of the plants are 



Fig. 1426. 


Fig. 1427. 


Fig. 1428. 


usually purgative ; some are tonic and astringent. Many Hypericums 
yield a yellow juice and an essential oil. Species of Vismia yield a 
gum resin like Gamboge. IlL Oen, — Ascyrum, Hypericum, Parnassia, 
Elodea, Vismia, Eeaumuria. * 

1188. Nat. Ord. 42.— Guttiferje or Clusiace.®, the Gamboge 
order. — Trees or shrubs with a resinous juice, opposite coriaceous entire 
leaves, and occasionally unisexual flowers. Sepals and petals 2, 4, 5, 
6, or 8, the former often unequal, the latter equilateral. Stamens nume- 
rous, often united. Disk fleshy. Ovary one or many-celled ; stigma 
usually sessile and radiate. Fruit dry or succulent, one or many-celled. 
Seeds exalbuminous, often immersed in pulp. Natives of humid and 
hot places in tropical regions, chiefly South America. There are 150 
known species. IlL Oen, — Clusia, Moronobea, Mammea, Garcinia, 
Xanthochymus, Cambogia, Mesua, Calophyllum. 

1189, The properties of the order are in general acrid and purga- 
tive. The plants yield a yellow gum resin. 


CalophyUom Calaba famishes the East Indian resin called Tacamahaca. Other 
species also yield resin and oils. 

Cambogia Gutta (Uebradendron cambogioides of Graham) is the source of Ceylon 
species Gamboge. 

Clusia. The species are handsome trees, ythich send out remarkable abnormal roots 
from their stems and branches. Clusia alba yields a resinous juice which is 
employed in place of pitch. Clusia fiava is called Mountain or Wild Mango, and 
in Jamaica it receives the name of Balsam-tree. 

Garcinia. Different species of this genus yield a substance like Gamboge. Gar- 
cinia cochinchinensia has been said to be the source of the Siam Gamboge, the 
best commercial specimens of which are in the form of pipe Gamboge, but this is 
very doubtful. Garcinia elliptica, found in Sylhet and Tavoy, also supplies a kind 
of Gamboge. Coorg or Wynaad Gamboge is also the produce of a Garcinia, per- 
haps G. pictoria. Gamboge is used as a pigment and as a drastic purgative. Gar- 
cinia MuigoBtana, a native of Malacca, produces the Mongosteen, one of the finest 
known firuits. It is filled with a delicious pulp. Its rind is used as an astringent. 

Mammea americana produces an ezcellont fruit, the Mammee Apple or wild Apricot 
of South America. 


* Some put Eeanmuria in a separate order, Reaumuriacete, distinguished by its shaggy seeds and 
appendages at the base of the petals. 


1190. Nat Ori i8.— -MABCCfBAvucBJ!, the Maic^vk otier.^ 
Txees or shrubs allied to GhittifersB, aud di&rmg diiefly iik ikA 
fdtemate leaves, unsymmetrical flowers, and versatile anthers. Soase 
of the plants have remarkable pitcher-like bracts. They are flmnd in 
equinoctial America chiefly. Little is known of fheir properties. The 
species are 26. JH. Norantea, Marcgravia, 

1191. Nat Old. 44.— HippocBATEACEiB, the Hippocratea order. 
— Shrubby plants with opposite simple leaves having deciduous sti- 
pules. Sepals and petals five, imbricate. Stamens three, monadelphous. 
Fruit either consisting of three winged carpels or baccate. Brown and 
Lindley put the order neat Oelastraceas, notwithstanding its hypogynous 
stamens. They are principally South American plants ; some occur in 
Africa and India. Little is known of their qualities. The nuts of 
Hippocratea comosa are oily and sweet. The fruit of Tontelea pyri- 
formis is eaten in Sierra Leone. There are 86 species recorded. IlL 
Gen, — Hippocratea, Tontelea, Salacia. 

1192. Nat. Ord. 45. — Malpioiiiace^, the Malpighia order, — 
Trees or shrubs, often climbing, with opposite or 
alternate leaves, and short deciduous, sometimes in- 
trapetiolar, stipules,* occasionally showing peltate 
hairs. Sepals five, combined at the base, glandular. 

Petals five, unguiculate. Stamens ten, often mona- 
delphous. Ovary generally of three carpels. Fruit a 
drupe, a woody nut, or a samara. Seed orthotro- 
pal, suspended by a coid, exalbuminous ; embryo 
straight or curved. Malpighiads are nearly all tro- 
pical plants. There are 555 species described. 

Ill, Gen. — ^Malpighia, Byrsonima, Nitraria, Banis- 
teria, Hiptage, Hira?a, Gaudichaudia. 

1193. Their properties are generally astringent. 

Many are handsome trees or climbers with showy flowers. The wood 
is sometimes formed in an anomalous manner (Fig, 1429). 

Bynoninui The bark of some of the species is used for tanning, and as a tonic and 
astringent Some produce acid astringent fruit used in djsenteiy 

Malpighia glabra and punicifolia furnish the Barbadoes Cherry, used m Jamaica as a 
dessert 

Nitraria tridentata, according to Munby, is the true Lotus-tree of the ancients. It 
is fimnd in the desert of Soussa, near Turns, and produces a succulent fhut hav- 
ing stimulatmg qualities. The genus is by some put m a separate order called 
Nitrariacece. 

1194. Nat. Ord. 46. — Erythroxylaceje, the Erythroxylon order. 
— Allied to Malpighiads, and distinguished by the flowers growing 
from among imbricated scales, the absence of calycine glands, the pre- 

llg 1429 Aaomaloui fasocobted stem of a Malpighiad of South America See page 86 
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Ammm plaAts* Sww rf kiw g torfwi a g 
yieU a tow baA, Brytlmii^^ Ooe% a Plrtuviaa called 
Ipadd by the Indkos of the Bio Negro, i» Itoed fiwr exoitiiig the 
nervoea ayatem.* The bark of iS. eaberoaoia sapp a reddiah- 
bfown dye* There are 75 known species. IB. Gg«.— Brythioxykm. 

1195. Nat, Ord. 47.— Aceracejk, the Maple order (Big. 1480).— 
Trees with opposite, sunple, often palmate, 
exstipnlate leaves (Fig. 1430), and corym- 
bose or racemose onsymmetrical flowers. 

Caly3^ usually of five parts. Petals as 
many as the sepals, or none. Stamens 
generally eight, inserted on or around a 
hypogynous disk. Ovary of two carpels, 
more or less united; ovules in pairs. 

Fruit samaroid (Fig. 1430, Fig. 850, 
p. 284). Seed solitary, exalbuminous ; 
embryo coiled. Found in the temperate 
parts of Europe, Asia, and Ameiica. 

There are 60 species. III. Qen. — ^Acer, 

Negundo. 

1196. Their properties are saccharine, the trees yield light and 
useful timber. 



Fig 1480 


Acer Pseudo-platanus is the Common Sycamore or Greater Maple, which thrives 
weU even when exposed to the sea Its leaves resemble those of the True Plane, 
hence its spedfic name In Scotland it is called Plane Tree Its timber is used 
for machineiy, for bowls and othei turnery, and for charcoal A. campestns, the 
Common Maple, has often beautifully-vemed wood A saccharmum, the Sugar- 
Maple, supplies the maple sugar of America The sacchanne juice is procured 
by incisions m the stem A dasycarpum and other species yield sugar. 

1197. Nat. Ord, 48. — Sapindace-e, the Soapwort order (Fig. 
1431). — Trees, shrubs, or climbers with tendrils, rarely herbs; 
having alternate or opposite, usually compound leaves, and unsym- 
metncal, generally irregular and polygamous flowers. Calyx with 
4-5 sepals. Petals 4 5, occasionally 0, sometimes with an appen- 
dage inside. Disk fleshy. Stamens usually 8-10. Ovary 2-3- 
celled; stylo undivided, or 2-3-cleft. Fruit capsular (Fig. 791, p. 
270) or fleshy, sometimes winged. Seeds exalbuminous, arilJate ; 
embryo usually curved. Found chiefly in the tropical parts of South 
America and India. The Hippocastanew or Horse-chestnuts, dis- 
tinguished by opposite leaves, and two ovules in each cell, one erect, 
and the other suspended, occur in the north of India, Persia, and the 
United States. There are about 400 known species. III. Qen . — 


Fig 1430 Branch of Acer lacchariRtun, the Sugar Maple, ihowiug palmate leave* and lamaroid fruit 


* Spruce aayi, that an Indian with a chew of Ipodu in liis chock ^iill go tao or three daya without 
food, hnd without feeUng any desire to sleep The leaves are the part used 
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Seijania, Pauli inia, Schmidelia, Bapindus, Cupania, Nephelium, 

iEsculus, Pavia, Dodonsea, Opbio- 

^^USSS 1198. The properties are various. 

Many of the plants have saponaceous 
qualities, hence the name of the 
order. Some are astringent; others 
yi^^d edible fruits and seeds, and not 
a few are poisonous. 

>®scalTis Hippocastanam, the Horse-chest- 
nut (Fig. 1481). Its bark ia 
febrifugal. Ita seeds contain 
/s \ f '' saponaceous matter. They are 

rV Su^ \. I /A J tised as food for sheep, and they 

J, been recommended as snb> 

stitutes for Coffee. The leaves 
.^ecalas ohiotensis, 

U Buck-eye or American Horse- 

chestnut, are said to be poison- 

iHOi Cupania (Blighia) sapida, furnishes 

the Akee firuit, with its remark- 
able succulent edible arillus. 

9B^K Nephelium (Euphoria) litchi, furnishes the U-chi fruit 
of China. N. Longan supplies another Chinese fruit 
called Longan. Another species of Nephelium yields 

araj^ Ophiocaryou paradoxum is the Snake-nut-tree of Deme- 
9 ShE rara, so called on account of its peculiar coiled embryo, 

resembling a snake. 

1- ig. 1431 PauUinia sorbllis, the Guaran& plant. The seeds of this 

plant, after being dried and deprived of their white 
aril, are pounded and kneaded into a dough, which is afterwards made up into 
cakes or balls, so as to constitute the Guaranh of the Indians of the Rio Mauh4, 
and of other parts of Brazil. This substance supplies an important beverage 
to a very large population, and its tonic properties seem to be due to a bitter 
crystallme matter called Guaranin^ identical with Theine. Some species of 
FaulUnia have anomalous fasciculated stems. 

Sapindos Saponaria, Soap-berry, The acrid fruit of this and other species forms a 
lather with water, and is used for soap. The pounded fruit is said to poison 
fish. S. escolentus produces an edible fruit. 

1199. Nat. Ord. 49. — ^Ehizobolace^, the Suwarrow-nut order. 
— Trees with opposite, digitate, exstipulate leaves. Sepals 5-6, more 
or less combined. Petals 5-8, unequal. Stamens oo arising with 
the petals from a hypogynous disk. Fruit of several combined inde- 
hiscent, one-seeded nuts. Seed reniform, exalbuminous, with a cord 
dilated into a spongy excrescence; radicle very large. Found in 
South America. Known species 8. Til Qen, — Caryocar. 

1200. The plants of the order are large timber trees, some of 
which yield edible fruit. 

Fig. 1481 Flowenag branch of ASsculus llippocaBtanum, the lloiic-chectnut, showing eymose 
iTregolar uniymmetncal flowers having five petals and seven stamens 
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Caryocar batyrosom (Pekea tnbercolofla) is a gigantic tree of Demerara, producing 
the Sonariy Snwarrow, or Surahwa nuts, the kernels of vhksh are esteemed the 
most agreeable of all the nut kind. They yield a bland, sweet oil. The timber 
of the tree is used for ship-building. 

1201. Nat. Ord. 50 . — ^Mbliacejb, the Melia order, — Trees or shrubs 
with alternate^ exstipulate, simple or compound leaves. Sepals 3, 
4, or 5, more or less united. Petals, the same number. Stamens 
twice as many as the petals. Disk, cuplike. Ovary, with cells varying 
from 8 to 12. Fruit succulent or capsular. Seeds not winged, with 
or without albumen ; embiyo with le^y cotyledons. They are chiefly 
tropical plants, and are found in Asia, America, and Africa. Known 
species 150, III Oen, — Melia, Aglaia, Lansium, Trichilia, Guarea, 
Carapa, 

1202. The properties of the order are bitter, astrmgent, and tonic. 
Some of the plants act as powerful purgatives and emetics. 

Carftpa. The species of this genus have frequently a febrifoge bark, and some yield 
an anthelmintic oil. 

Guarea. The species Lave often purgative and emetic properties, and require caution 
in their use. * 

Lansium. From species of this genus the fruits of the Indian Archipelago, called 
Langsat or Lansfih and Ayer are procured. 

Melia Azedarachta, the Neem-tree or Pride of India, has febrifhgal qualities. The 
pericarp yields an oil used for lamps. 

Under this order many Botanists have placed the genus Canella. Its 
place, however, seems to be uncertain. Martins puts it under a sepa- 
rate order, Canellaoe<B, allied to Guttiferie. Canella alba has an aro- 
matic bark, and is called Wild Cinnamon in the West Indies. Canella 
Bark has some resemblance to Winter’s Bark. 

1203. Nat, Ord. 51, — IIuMiitiAcnj?, the Humirium order. — Bal- 
samic trees or shrubs, with alternate, simple, exstipulate leaves. 
Calyx in five divisions. Petals five, imbricate. Stamens oo, mona- 
delphous ; anthers two-celled, with a membranous connective beyond 
the lobes. Disk often present. Ovary five-celled. Fruit a drupe. 
Seed albuminous ; embryo orthotropal. Natives of tropical America. 
The Balsam of Umiri is procured from Humirium floribundum, by 
making incisions into its trunk. Known species 18. Ill, Gen, — Hu- 
mirium. 

1204. Nat. Ord. 52 . — Cedbelace^, the Mahogany order. — Trees 
with alternate, pinnate, exstipulate leaves, allied to Melxacefie, and 
chiefly distinguished by their indefinite and winged seeds. The fruit 
is capsular, the valves separating from a thick axis. They are com- 
mon in the tropical parts of America and India. Known species 25. 
Ill, Gen, — Swietetua, Soymida, Chloroxylon, Flindersia, Cedrela. 

1205. The properties of the order are fragrant, aromatic, and 
tonic. Many yield timber. 

Cedrela febrifuga, is so called from possessing a febrifugal bark. C. Toona, Toon, 
has similar properties; it is a timber-tree of India. 
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Cbloroxylon Swietenia produces the Satin-wood of India» and yields a kind of 
Wood-oU. 

Oxleya xanthoxyla is the Yellow- wood of New South Wales. * 

Soymida febrifuga, the Bed- wood tree, is fhbrifbgal and astringent 
Swietenia Mahagoni, the Mahogany, grows in dense forests, and fonns one of the 
most lofty and gigantic tropical trees. The wood is chiefly imported from Hon- 
duras and Cuba. It is said that 31,668 tons of mahogany were imported into 
Britain in 1848. 

1236. Nat. Ord. 63. — ^Vitace^e or Ampelideap, the Vine order 
(Figs. 1432-1434). — Shrubby plants climbing by tendrils, with tumid 



Fig 1485? Iig 148i lig 1488 


joints, simple or compound leaves, opposite below, alternate above, and 
small green flowers arranged in a racemose or umbellate manner (Figs. 
152 and 153, p. 64), (^alyx small, nearly entire (Fig. 1432). 
Petals 4-5, induplicate, inserted outside a disk, sometimes cohering at 
their tips, and caducous (Fig. 1432). Stamens 4-5, opposite the 
petals, inserted on the disk (Fig. 1433). Ovary usually two-colled, 
with two erect ovules in each cell. Fniit a uva (Fig. 1434). Seeds 
with a bony spermoderm ; embryo small in homy albumen. The ten- 
drils in this order are abortive branches (p. 64). Vineworts inhabit 
the milder and hotter regions of the globe. They are common in the 
East Indies. The Grape Vino (Fig. 152, p. 64), is said to be a native 
of the shores of the Caspian, whence it has been widely distributed. 
Known species 260. Ill, Gtn, — Cissus, Ampelopsis, Vitis, Ijeea. 

1207. The plants of this order have acid leaves and a pulpy 
fruit more or less acid at first, but developing Grape-sugar as it ripens. 
They have frequently large dotted vessels abounding in sap, and they 
bleed copiously. Spiral vessels with air are common in the Vine. 

Ampdopeis (Cibsub) virginica is the Yirginian Creeper, commonly cultivated os a 
climber. 

Figures 14S2 to 1484 lUustmte the natural order Vitnccfe 

Fig 1482 Flouer of Yitii vuiifmi, common Grape Vine, shun mg the gamosepalons cal>x and Uir 
pcials nnited at the apex, and separating below lig 1438 Andrcccinm and gynosoum of the Vine, 
with the lisle surrounding the base of the ovary I'lg 1434 Ihe Grape or fmit of the Vine, a 
nva, or beiry not adherent to the calyx (p 287) Aftii the foi bidden fimit, it is the hrst fruit men- 
fioned in Smpture, the Hebrew word Giphen meamiig Vine, occurnng m Oen u 20 It is the 
Ampeloe of the Greeks, hence the name Ampolidcee gii en to the ordei 
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CiBsoB. Some of the spedea yield acrid frait, others are usefhl ss dyes. 

Vitis vinlfera, the Grape Vine* has followed the footsteps of man. Its fruit has been 
greatlydmproved by ou!tiyation» and has been used for the making of wine for more 
than 4000 yean. Its leaws are astringent The veijuice of the young fruit con- 
tains much tartaric, and some citric and malic add. Bitartrate of Potass is found in 
the fruit It is said that 800 tons of Grapes are imported into Britain every autumn 
from Sicily, Lisbon, and Hambm^. In a dried state Grapes are known as 
Raisins (uy» passie mi^ores). The Sultana Raisin of Smyrna is seedless. The 
finest Raisins are the Muscatel Archer says, that the average annual quantity 
of Raisins imported into Britain during the last five years, has been 12,000 tons. 
The dried Currants of commerce, a corruption of Corinths (uv« pass« minores), 
are the produce of the small seedless Corinthian Grape, which is cultivated in 
many of the Greek islands. The quantity of Currants imported annually is said 
to be 21,000 tons. Vitis vulpina abounds in some parts of America. In Rhode 
Idand it is called Wild Vine, and its fruit is known as Fox-Grapes. 

1208. Nat. Ord. 54. — Geraniaceje, the Cranesbill order (Figs. 
1435 and 1436). — Herbs or shrubs, with tumid joints, opposite or 



Pig- 1435 Fig. WS6 

alternate leaves, usually palmately- veined and lobed (Fig. 422, p. 177), 
often stipulate. Sepals 5, imbricate, one sometimes spurred. Petals 
5, unguiculate, contorted in Aestivation. Stamens usually 10, mona- 
delphous, occasionally some sterile. Ovary of five bi-ovular carpels 
placed round an elongated axis to which the styles adhere. Fruit 
formed of five one-seeded carpels, which finally separate from the base 
of the central axis or beak, and curve upwards by means of the at- 
tached styles (Fig. 1436) ; the fruit is said to be gynobasic, and the 
long beak or carpophore gives origin to the name of the order. Seed 
exalbuminous ; embryo curved and doubled up, with plaited cotyledons. 
Distributed over various parts of the world. The species of Pelargo- 
nium abound at the Cape of Good Hope. Known species about 500. 
III. Cfen. — Erodium, Geranium, Monsonia, Pelargonium. 


Figure 1485 and 1438 illnatrate the natural oidor Geraniaces 

Fig. 1485. Diagram of the flower of a Geranium, with five imbricate sepala, five twitted petals, ten 
perfect stamens in two rows, and an outer row of abortive ttamens, five bi*ovular carpels mrming the 
ovary. Fig. 1486. Fruit of a Geranium, showing the five monotpormal caipela separating from the 
bue of the long beak-like process, and curving up by means of the stylos, which remain adherent to 
the upper port of the beak. 
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1209. The order has astringent and aromatic properties. Many 
of the plants are fragrant. Some have a mnshy odour. 

Gemnium maoulatun receiyea the name of Alum-root fhmi the aatringenoy of its 
root G. panriflomm yields edible tubers called natiTe carrots in Australia 
Pelargonium In this genus the adherent calycine spur is well seen The species 
are showy and fragrant, and are extenslvdy cultivated under the common name 
of Geramums. They have been improved by hybridization and by the art of 
horticulture. P. triste supplies tn^rs which are eaten at the Cape of Good 
Hope. 


1210. Nat. Ord. 55. — Linaceaj, the Flax order (Figs. 1437 to 
1440), — Herbs with entire, sessile, alternate or opposite or verticillate 



Ifig 1438 lig 1439 Fig 1440 

leaves (Fig. 1438), which are exstipnlate or have occasionally a pair of 
minute glands at their base. Flowers rcgulai and symmetrical. Sepals 
3-5, imbiicate. Petals 3-5, contorted in a)btivation. Stamens united 
at the base, 3-5, usually with intermediate abortive ones in the form 
of teeth opposite the iietals. Ovary 3-5-cclled ; styles 3-5 (Fig. 
1439). Fruit a plurilocular capsule, in which the cells are more or 
less completely divided into two by spurious divibions proceeding from 
the dorsal sutiies (Fig. 1440). Seeds, one in each cell, anatropal, with 
little or no albumen; embryo straight, cotyledons flat. Distributed 
over various quarters of the globe, but most abundant in Europe and 

Figuret 1487 to 1440 illustrate the natural order Lmacece 

Fig 1437 Diagram of the Flax plant, showing live imbncate sepals, five contorted petals, five alter* 
natiug stamens, and five divisiona of the ovary, each of which la divided into two by a tpunoua septum 
from the dorsal autnre Fig 1488 Lmum usitatissimuni, tlio llax plant It is tlie Hebrew Fishtah 
referred to In Exod ix 81. Josh ii 6, ondm many other passages of the Old Testament, and it is 
the Xanon of Matih xii 20 Fig 1439 Syncarpous pontararpellary ovary of the Flax plant, with five 
diatmct styles Fig 1440 Syncarpous fruit of the flax plant, ahoumg the fi^e cells oi locolaments, 
divided each mto two a spuiioui dorsal septum 
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the north of Afiica. Known species 90. lU, Cr^cn.— Linum, Cliococoa, 
Radiola. 

1211. The order is dfstinguiBhedhy its mucilaginous properties, and 
by yielding valuable fibres. Some specieH are purgative and diuretic. 

linmD catharticumf perhaps too muoh neglected, is called Puxging-Sax from its 
properties. L. ndtatissimum, the cultivated Flax (Fig. 1488), yields tenadons 
fibres (Fig. 45, p. 23), used In the manufacture of linen. Its see^ are demulcent 
and oily. The oil is procured from them by expression. They supply oil-cake 
for cattle, and in the state of powder the cake is employed as porticos. An 
infusion of the seeds is used as a demulcent. Linseed-oil mixed with Lhne- 
water, under the name of Carron-oil, is a favourite remedy for bums and scalds. 
The broken fibres detached during the process of heckliig, are used as tow by 
surgeons. Of late years the fibres of Flax, by being steeped in a solution of 
• Carbonate of Soda, and afterwards dipped in a weak add solution, are broken 
up into minute divisions, so as to form what is called Flax-Cotton, which bos 
b^n used in manufacture in the same way as Cotton. The quantity of foreign 
flax imported into Britain in 1849 was 1,806,786 cwts. 

1212. Nat. Ord. 56. — Oxalidace.®, the Wood-sorrel order (Fig. 
1441). — Herbaceous or shrubby plants with 
alternate, rarely opposite, simple or compound 
leaves, and regular flowers. Sepals five, imbri- 
cate. Petals five, twisted. Stamens ten, more 
or less monadelphous, of different lengths. 

Fruit usually a five-celled capsule, sometimes 
drupaceous. Seeds with a fleshy outer coat, 
which bursts in an clastic manner whtm ripe, so 
as to expel the seeds ; embryo straight and largo 
in thin albumen. The plants are allied to 
Geraniace«, and differ chiefly in their gynoe- 
ceum. The plants of the order are met with 
both in hot and in temperate regions. They 
are very common in America and at the Cape 
of Good Hope. The shrubby species are con- 
fined to warm climates. Known species about 330. Ill Qen, — Oxalis, 
Biophytum, Averrhoa, Hugonia. 

1213. The Oxalids or Wood-sorrels have generally acid properties, 
from the presence of oxalic acid in the form of Binoxalate of Potass, 
which is called the salt of sorrel. Some of them have sensitive 
leaves (p. 493.) 

Averrhoa Bilimbi, the Blimbiog of the East Indies, has an acid fruit, which is used 
as a pickle. A. Carambola has a similar fruit. 

Oxalis crenata bears tubers which are used as potatoes. It is one of tlie plants 
called Arracacha. Its leaves are acid. O. Deppei has fleshy roots, which are 
used as culinaiy vegetables. 0. antlielmintica has acrid tubers, which are used 
as a vermifuge. 0. bupleurifolia and other Indian species have phyllodia 
(p. 185.) 



Fig 1141 Oxalis Acetosolla, ibc commou Wood sorrel, ternate leases, and oboordate leaflets 
By some it is consideied as the true Irish Shamiock 
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1214. Nat Ord. 67. — Balsaminacb^b, the Balsam order (Figs. 
1442 and 1443). — Annual succulent herbs, with simple, exstipulate 

leaves, and irregular flowers. Sepals five, 
coloured, irregular, the odd one spurred. 

Petals five, irregular, distinct or coher- 
ing. Stamens five. Ovary of five united 
carpels ; stigmas sessile (Fig. 1442). Fruit, 
a capsule opening septifragally by five elastic 
valves, which become coiled up (Fig. 1443). 

Seeds exalbuminous ; embryo straight. The 
fiowers are usually showy. The ripe cap- 
sules burst elastically when touched, so 
as to scatter the seeds ; hence the name of * 

Impatiens noli-me-tangere given to one of the species. The 
i'ig. 1442 . plants abound in India. There are 110 known species. Ill 
Qen. — Impatiens, Balsamina, Hydrocera. 

1215. Nat. Ord. 58. — THOPAsoLACEffl, the Indian Cress, or Nas- 
turtium order (Fig. 1444). — Trailing or twining herbs, with alter- 
nate, exstipulate, and peltate or palmate 
leaves. Calyx spurred (Fig. 1444), 
formed by five united sepals. Petals 
five, the two upper arising from the 
throat of the calyx, remote from the 
three lower unguiculate petals. Stamens 
usually eight, distinct. Ovary of three 
united, one-seeded, carpels. Fruit inde- 
hiscent, monospermal, carpidia separating 
from a common axis. Seeds exalbumi- 
nouB, filling the cells; embryo large. 
They are chiefly South American plants. 

There are about 40 species. III. Gen, — Tropaeolum. 

1216. The properties of the order are acridity and pungency, 
resembling in this respect some of the Cruciferae. 

Tropieolum majus is the common Indian Cress," or garden Nasturtiam, the unripe 
fruit of which is pickled, and used as a substituto for Capers. The roots of 
T. tuberosum are eaten in Peru. The species have showy, yellow, orange, 
scarlet, and blue flowers ; thus the Xanthic and Cyanic series are represented in 
the genus. 

1217. Nat. Ord. 59. — Limnanthace^, the Limnanthes order. — 
The plants of this order differ from TropeDolacem in their regular 
flowers, their erect ovules, and in the tendency to adhesion between the 





Figures 1442 and 1448 illustrate the natural order BalsanunnccsB. 

Fig 1442 Fruit or capsule of Impatiens noh-nie4angere, Toueh-mc-not, ronsisiing of five united 
carpels, with a sessile stigma. I'lg. 1448 Capsnle of Impatiens, with five recurved valves, which sepa. 
rate with elasticity from the centrtl placenta so as to scatter the seeds (p. 413). 

Fig. 1444. Irr^lar flower of Tropmolum majus, common ludiau Cress or garden Nasturtium, 
uith Its cokmred, spurred (caloarate) calyx, and flve petals, three of which are stalked. 
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stamexis and the calyx. Probably the order should be placed among 
Perigynous Exogens. It contains a few North American species, 
which have properties similar to Indian Cresses. III. Gen, — Limnan- 
thes, Florkea. 

1218. Nat. Ord. 60. — ^Pittospobacb2b, the Pittosporum order, — 
Trees or shrubs, with alternate, simple, exstipulate leaves. Sepals 
and petals, 4-5, distinct, or slightly cohering. Stamens five ; anthers 
often porose. Ovary 2-5-celled; style one. Fruit, a capsule or 
berry. Seeds numerous, anatropal, often covered with a resinous 
pulp; embryo minute, in fleshy albumen. New Holland plants 
chiefly. They have more or less resinous qualities. The berries of 
some Billardieras are eatable. Tn Cheiranthera linearis the anthers are 
thrown to one side, and have a hand-like aspect. Known species 78. 
lU, Oen, — Pittosporum, Cheiranthera, Sollya, Billardiera. 

1219. Nat. Ord. 61. — Brexiace^, the Brexia order. — Trees, 
with alternate, simple, stipulate leaves, and green flowers in axillary 
umbels. Calyx five-parted. Petals five, contorted. Stamens five, 
arising from a narrow cup, with teeth between them. Style one. 
Fruit drupaceous, five-cornered, five-celled, rough. Seeds numerous, 
albuminous. Madagascar plants, of which little is known. There 
are 6 species described. Ill, Oen, — Brexia. 

1220. Nat. Ord. 62, — ZycjorayLLACEAJ, the Bean-caper andGuaia- 
cum order (Figs. 1445 and 1446). — Herbs, shrubs, or trees, with 



Fig. 1445. 



Fig. 1446. 


opposite, stipulate, usually pinnate, not dotted leaves. Calyx 4-5- 


Flgnret 1446 and 1446 illnatraie the natwral order Zygopliyllaces. 

Fig. 1445. Qaaiacum ofiloiuale, Goaiac or Lignum Vitm. It has pari^pinnate ihining learea. 
Fig. 1446. Tribulna terreatru, ihowing ita pinnate leaves and spiny carpels of a triangular fbrm 
attached to an The name of Caltrops is applied to the genns in conieguenee of the ftuit re* 
•embUngthe machines formerly used to obstruct cavalry. 
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parted, convolute. Petals unguiculate, at first minute, afterwards 
large, imbricate. Stamens 8-10, often arising from the back of 
scales. Ovary 4 - 5 -celled, surrounded by glands or a disk 5 style 
simple. Fruit usually a capsule, 4-5-angled, opening in a loculicidal 
manner by 4-5 valves. Seeds usually albuminous (Tribulus is exal- 
buminous) ; embryo green. Bean-capers are generally distributed. 
Some are peculiar to America ; others are found in Europe, India, 
Africa, and Now Holland. There are 100 known species. Ilh Gen. 
— ^Peganum, Fagonia, Eoepera, Zygophyllum, Guaiacum, Melianthus, 
Tribulus. 

1221. The plants have diaphoretic and anthelmintic properties. 
The wood of the arborescent plants of the order is very hard and 
durable. 

Guaiacum officinale (Fig. 1445), a West Indian tree, supplies the resin caUed 
Guaiac, which exudes from it spontaneously and after incisions. The wood is 
hard, and when fhlly matured has a greenish black colour. It receives the 
name of Lignum vitao, and is remarkable for the crossing of its fibres. The 
resin (Guaiacine of some) and the wood are stimulant and diaphoretic, and have 
been employed medicinally in cutaneous and syphilitic affections. G. sanctum 
has similar properties. 

Larrea mexicana is called tlie Creazote plant 

Melianthus major secretes much saccharine matter in its flowers. 

Tribulus terrestris (Fig. 1446) is supposed to be the Tribolos translated Thistles in 
Matt vii. 16, and Heb. vi, 8. It grows in dry, barren places in the East It 
is a prickly plant, which runs along the surface of the ground. 

Zygophyllum Fabago, Bean-caper, is so called on account of its flower-buds being 
used as substitutes for Capers. 


1222. Nat. Ord. 63. — RuTACEiE, the Rue order (Figs. 1447 to 
1449). — Herbs, shrubs, and trees, with exstipulate dotted leaves 



Fig. 1447. 



Fig. 1448. 



Fig. 2440. 


and perfect flowers (Fig, 668 , p. 237). Calyx in 4-5 divisions. Pe- 
tals 4-5, occasionally 0 . Stamens, as many, or twice, or thrice as 
many, as the petals, placed outside a hypogynous disk. Ovary, sessile 


Figures 1447 to 1449 illnstrate the natural order Eutaceee 

Fig 1447. Diagrain of Rata grareolens, common ur garden Rue, showing five divisions of the calyx, 
five twisted petals, ten stamens in two rows, five divisions of the ovary with two ovules in each 
Fig. 1448. Ffower ^ Rue showing the hooded petals, the stamens, the hypogynons punctated disk, 
and the ovary with ita carpels; the flower being pentamerous. Fig. 1449. The same organs shown in 
a tetrameroui flower of Rue 
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or stalked (Fig, 421, p. 176), 3-54obed ; styles united, occasionally 
separated at the base. Fruit of several carpels, either combined, or 
more or less distinct, often separating when ripe, and dehiscihg by one 
or both sutures. I^eds, one or two in each carpel ^ the true Butea3 
(European plants) have albuminous seeds, while the Diosmem (from 
the C$pe and New Holland) have exalbuminous seeds. The plants 
are found in Europe, Cape of Good Hope, New Holland, and America. 
There are upwards of 400 known species. IlL Gen.— Galipea, Cus- 
paria, Bonplandia, Pilocarpus, Boronia, Correa, Adenandra, Diosma, 
Baroama, Dictamnns, Ruta, Cneorum. 

1223. The order is characterised by its peculiar penetrating odour. 
The plants are employed medicinally as antispasmodics, tonics, and 
febrifuges. 

Correa alba. Its leaves are used in Australia for tea. 

Dictamnns Fraxinclla, False Dittany (Fig. 421, p. 176), abounds in volatile oil, so 
that the atmosphere around it is said, in certain circumstances, to become in> 
flammable. 

Diosmas are the Bucku or Buchu plants found at the Cape of Good Hope, which 
are remarkable for their overpowering and penetrating odour, owing to the pre- 
sence of a yellowish volatile oil. Diosma, or rather Barosma crenata, serratifolia, 
and other species, are used medicinally in Catarrhus Vesicas. Their leaves are 
antispasmodic and diuretic. 

Fsenbeckia febrlfuga is employed in Brazil as a substitute for Peruvian bark. 

Galipea officinalis furnishes a tonic, febrifugal bark called Angostura. A similar 
bark is furnished by G. Cusparia (Bonplandia trifoliata). It is probable that 
the Melambo bark is the produce of another species. 

Ruta graveolens, common Rue (Fig. 6G^ p. 237), has antispasmodic, anthelmintic, 
and emmenagogne properties. Its leaves and unripe fruit are used medicinally. 
The plant is the Peganon of Scripture mentioned in Luke xL 42. R. montana is 
a very acrid Spanish plant, the juice of which is said to cause vesication. 

1224. Nat. Ord. 64. — XANTHOXYLACEiE, the Prickly-Ash order. 
— Trees or shrubs, with exstipulate, dotted leaves, resembling the 
Rutaceac, and distinguished by their polygamous flowers. They are 
chiefly found in tropical America. Known species, 110. Ill, Gen* 
— Xanthoxylon, Ptelea, Cyminosma. 

1225. They have pungent and aromatic qualities, and have been 
used medicinally as stimulants, sialagogues, and tonics. They yield a 
volatile oil, and a bitter principle called Xanthopicrino. 

Ptelea has a bitter aromatic fruit, which is used for Hops, and as a pickle. 

Xanthoxylons receive in America the name of Prickly Ash, and from their pungency 
they are often caUed Peppers. X. caribasum is us^ as a febrifuge. X Budrunga 
has fragrant seeds having the odour of Lemons. The fruit and seeds of X. basUle 
have been used for intoxicating fish. 

1226. Nat. Ord. 65. — Ochnaceje, the Ochna order. — A small 
^onp of undershrubs or trees allied to Rutaceao, and distinguished by 
their simple, dotless, stipulate leaves, and their enlarged fleshy gyno- 
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base or torus* They are found in the tropical parts of India, Africa, 
and America. Known species, 90. lU, Gen. — Gomphia, Walkera, 
Ocbna, Qodoya, Coriaria? 

1227. The order is characterised by bitter, tonid properties. The 
plants want the aromatic qualities of the Eueworts. 

CSixrUria, This genus is by some placed in this order ; while by others it is made 
the type of a new order, Coriariacess. C. myrtifblia has poisonous properties. 
Its tricostate leases (Fig. 275, p. 122) are sometimes mixed with Senna, and have 
produced narcotic effects. This spedea, as well as 0. ruscifoUa, are used for 
staining black. An infusion of the leaves strikes a dark blue with sulphate of 
iron. The fhiit of some of the Coriarias is edible. 

Gomphias are used as bitter tonics, and some of them yield oil. 

Ochna hexasperma has an astringent bark. 

1228. Nat. Ord. 66. — SiMARUBACPiE, the 
Quassia order (Fig. 1450). — Trees or shrubs, 
with alternate, exstipulate, dotless, usually com- 
pound leaves. Cal 3 rx in four or five divi- 
sions. Petals 4-5, imbricated. Stamens 8-10, 
arising from the back of hypogynous scales. 
Ovary 4-5-lobed, stipitate ; style simple. Fruit, 
consisting of 4-5 dnipes arranged around a com- 
mon receptacle Seeds, one in each druj)e, pen- 
dulous, anatropal, exalbuminous. Natives chiefly 
of the tropical parts of India, America, and 
Africa. Known species about 40 or 50. III. 

Fig 1460 Gen. — Quassia, Simaba, Simaruba, Castela, 

Ailanthus, Brucea Picrasma, Spathelia. 

1229, Bitterness prevails in this order, the plants being used as 
tonics. 

Brucea antidysenterica has a bitter and astringent bark and wood. Its bark was 
formerly supposed to be false Angostura, and to have poisonous properties; 
but this is now shown to be the produce of Strychnos Nux-vomica. 

Castela I^icolsoni, Goatbosh, is sometimes used as a substitute for Quassia. 

Picrasma (Picrtena) excelsa, Bitterwood, is a large tree, the wood of which is the 
* common Quassia of the shops. It is bitter and tonic, and is sometimes used as 
a substitute for bops. An infusion of it poisons dies. It contains a bitter prin- 
ciple called Quassine. 

Quassia amara, the true Quassia plant, called Guavito Amorgo in Panama (Fjg. 
1450)^ is a tall shrub found in Surinam, having pinnate leaves with winged 
petioles. The wood is not imported into Britain. 

Simaba Oedron is a tree of New Grenada, which has long been celebrated as an anti- 
dote to snake bites. The seed^ or rather the cotyledons, are used for this pur- 
pose. 

Simaruba amara, or officinalis. The bark of the root is used as a substitute for 
Quassia. It is prescribed in cases of diarrhoea and dysentery. Its timber is 
said to resemble that of the White Pine. 

Fig. 1460. Quassia amara, true Quassia plant of burmam—^, showing its impari-pionste Isares 
with winged petioles, and racemose dowers ; 5, its stipitate fruit, consisting of five drapes surrounding 
s common receptacle with a simple style. 
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1280. Analysis of tho Natural Orders of Thalamitoral Exogens, 
Mith references to the numbers of the orders in the preceding pages.* 


I. Flowers Polysndrous. Stamens more than 20. 


1. Xjtavet exBiipfdcUe {without gtipuUi), 

a. Carpels more or less distinct (at least as to the styles), or solitaiy. 


Stamens distinct (not united). 

Carpels immersed in a tabular fleshy disk Nelumbiacen, 11. 

Carols not immersed in a disk. 

Embryo in a viteUus CabombscesB, 9. 

Embryo not in a vitellus, minute. 

Seeds arillate Dilleniacess, 2. 

Seeds exarillate. 

Albumen ruminate AnonacesB, 4. 

Albumen homogeneous. 

Flowers hermaphrodite Rammcnlacesa, 1. 

Flowers unisexual SchizandraoesB^ 6. 

Stamens monadelphous or polyadelphous Hypericaceso^ 41. 

b. Carpels wholly combined into a solid pistil, with more placentas than one. 
Placentas parietal. 

Seeds exalbuminous Capparidacete, Id. 

Seeds albuminous. 


Embryo in a vitellus Nymphseacess, 10. 

Embryo not in a vitellus. 

Seeds in pulp, sap watery Flacourtiacem, 18. 

Seeds not in pulp, sap milky Papaveraceie, 18. 

Placentas in the axis. 

Stigma umbrelUike, petaloid Sarraceniacess, 12. 

Stigma simple. 

Leaves compound Rbizobolacese, 49. 

Leaves simple. 

Petals equal in number to the sepals. 

Seeds few. 

Stigma nearly sessile, radiating or peltate Guttifbne, 42. 
Stigma on a distinct style, five-lobed Humiriacess, 51. 
Seeds numerous. 

Petals flat Blarcgraviaoess, 43. 

Petals crumpled Cistacess, 19. 

Petals not equal in number to the sepals TerostrikniacesSySG. 


2. Leaves stipulate {with stipules). 

a. Carpels more or less distinct (at least as to the styles) or solitary. 


Carpels indefinite Magnoliacess, 8. 

b. Carpels wholly combined into a solid pistil, with more 
placentas than one. 

Calyx imbricate or twisted in ssstivation. 

Flowers involucrate Chlssnacen^ 85. 

Flowers not involucrate Cistaccae, 19. 


* This artificial analyiis of the Orders of Thnlamifloral Ezogens is iutended to aid the student in 
finding the order to whi^ n plant belongs. Liudley’s analytical method is followed with certain mo* 
difications, so as to adapt it to De Candolle's system.— '(See Lindley's Vegetable Kingdom, p. 801) 
Sneh analyiM are necesoarily more or less imperfect, on account of the shortness of the diaraeters 

giTOB. 



792 ANAtTBIS OF THALAMIFLOKAL- OEDEK8, 

valvate in eostivatlon. 

Calyx irreffular, enlarged In fSruit Dlpterocarpac^,84. 

Calyx regnloTi not enlarged. 

Stamens mbnadelphona. 

Anthers, one-celled Bfalvaoeso, 80. 

Anthers, two-celled. 

Stamens columnar, all perfect StercuUaceas, 81, 

Stamens columnar, some sterile Byttneriaoen, 32. 

Stamens distinct Tiliaceas, 88. 

II. Flowers Oligandrous. Stamens fewer than 20. 

1. Leaves exstipulate. 

a. Carpels more or less distinct, or solitary. 

Anthers with recurved valves Berbcridacees, 8. 

Anthers with longitudinal valves. 

Albumen abundant, embryo minute. 

Flowers unisexual or polygamous. 

Seeds numerous Lardizabalacea, 7. 

Seeds solitary or twin Xanthoxylaccae, 04. 

Flowers hermaphrodite. 

Embryo in a vitellus Cabombacess, 9. 

Embryo not in a vitelliM. 

Herbs, with homogeneous albumen. 

Sepals two Fumariacein, 14. 

Sepals more than two Ranunculaceie, 1. 

Shnibs, with ruminate albumen AnonacesB, 4. 

Albumen scanty or 0, embryo large Menispcrmaceai, 5. 

(Jar{>cls combined into a solid pistil or ovary. 

I’laccntas parietal. 

Stamens tetradynamous........ Cniciforfe, 16. 

Stamens not tetradynamous. 

Large hypogynous disk. 

Flowers tetramcrous, fruit closed at apex Capparidaceas, 16. 

Flowers not tetramerous, fruit open at apex ... Besedaceie, 17v 
Small hypogynous disk or 0. 

Albumen abundant. 

Fruit fleshy or with central pulp Flacourtiaceaj, 18. 

Fruit without central pulp, juice milky Papaveraceao, 13, 

Albumen scanty or 0 Frankeniacea?, 26. 

Placentas covering the dissepiments Nymphaeaceaa, 10. 

Placentas in the axis. 

Styles separate to the base. 

Calyx valvate Vivianiacero, 29. 

Calyx imbricate. 

Petals twisted in aestivation, embryo straight... Linaccao, 66. 

Petals nut twisted, embryo curved Caryophy]laceaQ,28. 

Styles more or less combined. 

Fruit gynobasic. 

Stamens arising from scales Simarubaceae, 06. 

Stamens not arising from scales. 

Styles wholly combined. 

Flowers hermaphrodite Kutaceae, 63. 

Flowers unisexual or polygamous Xanthoxylaceie,C4. 

Styles divided at the apex. 

Flowers irregular. 
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Pniit with elastic recurred valves Baisamiuaceie, 57. 

Fruit widiout elastic valves Tropseolacet^ 58. 

Flowers regular Limnanthacen, 69. 

Fruit not gynobasic. 

Calyx imbricate. 


CAlycino divisions forming a complete whorl. 


Carpels four or more. * 

Seeds winged Cedrelacees, M. 

Seeds wingless. 

Stamens united into a long tube......... Bl olia c e ie, 50. 

Stamens free, or nearly so. 

Leaves dotted AnranUacese^ 40. 

Leaves without dots. BrexiaoesB, 61. 

Carpels fewer than four. 

Seeds comose Tamaiicacess, 25. 

Seeds not comose. 

Ovules ascending or horizontal Pittosporaceae, 60. 

Ovules suspended CyrOlacess, 89. 

Calycine whorl irregular. 

Flowers symmetrical Guttiferm, 42. 

Flowers unsymmetrical. 

Petals with appendages at their base ... Sapindacece, 48. 
Petals without appendages at their base. 

Fruit a samara AceracesB, 47. 

Fruit not samaroid. 

Flowers having a papilionaceous aspect. 

Ovary two>cel1cd Polygalaceae, 22. 

Ovary one>celled Krameriacote, 23. 

Calyx valvate. 

Anthers porose Tremondracea), 24. 

Anthers opening by slits. 

Calyx enlarging in fruit Olacacese, 87. 

Calyx continuing small Icacinacessj 88. 


Leaves stipulate, 
a. Carpels distinct or solitary. 

Anthers with recurved valves. Berberidaces, 8. 

5. Carpels wholly combined, with more placentas than one. 

Placentas parietal. 

Leaves with circinato vernation and glandular hairs Droseracee^ 21. 
Loaves with straight vernation and no glandular hairs Violaceaa, 30. 


Placentas in the axis. 

Styles distinct to the base. 

Calyx imbricated. 

Marsh plants, petals smal), sessile Elatlnaoesa^ 27. 

Trees or shrubs, petals conspicuous stalked Malpighiaoe®, 45. 

Cidyx valvate Tfliacese, 88. 

Styles more or less combined. 

Fruit gynobasic. 

Gynobase fleshy Oebnacess 

Gynobase dry. 

Leaves regularly opposite Zygophyllacen, 62. 

Loaves more or less alternate. 

Fruit beaked GeraniacesB, 54. 

Fruit not beaked Oxalidacess, 56. 

Fruit not gynobasic. 

Calyx imbricate. 
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Flowers involucrate Cliltenacett, 85. 

Flowers not involacrate. 

Stamens three Hippocrat6ace8B|44. 

Stamens more than three. 

Calyx glandular IfalpighiaceiB, 45. 

Calyx not glandular. 

Embryo curved Sapindacess, 48. 

Embryo straight Ery tbroxylaoeie,46. 

Calyx valvate. 

Stamens columnar StercuUacese, 81. 

Stamens not columnar. 

Stamens opposite to the petals if equal to 

them in number Vitacese, 68. 

Stamens alternate with the petals if equal to 
them in number Tilincese, 83. 

Apetalous species occur in the following Tlialamitloral orders: — Ranunculaceas, 
Menispermacere, Papaveraceaa, Flacourtiacese, Caryophyllaceoe, Sterculiaceie, 
Byttueriaceffi, Tiliaccae, Malpighiacese, Geranlaceffi, Kutaceae, Xanthoxylaoese. 
Some species belonging to the orders Anonaceie and Rutaccie arc Gamopetalous. 


SUB-CLASS 2.— CALYCIFLOK^. 

1. POLYPETALiE, OR DIALYPETAL^E. 

1231. Nat. Ord. 67. — StackhousiaceuE, the Stackhousla order. — 
Herbs, occasionally shrubs, with simple, alternate, stipulate leaves. 
Calyx five -cleft, tube inflated. Petals five, arising from the top of 
the calycine tube, claws united. Stamens five, distinct, perigynous. 
Styles 3-5. Fruit of 3-5 monospermal, indehiscent carpels, with a 
central column. Seed anatropal, albuminous. The order contains a 
few New Holland plants. Known species 10. Ill, Gen, — Stack- 
housia. 

1232. Nat. Ord. 68. — Cblastbaceae, the Spindle-tree order. — 
Shrubs or trees, with alternate, rarely opjjosite, simple, stipulate 
loaves. Sepals and petals 4-5, imbricate. Stamens 4-5, inserted on 
a large disk which surrounds the ovary. Fruit superior, 2-5-celled, 
capsular or drupaceous. Seeds usually arillate, albuminous, with a 
large straight embryo. Chiefly natives of the warm parts of Europe, 
North America, and Asia ; also of the Cape of Good Hope. Known 
species about 270. IlL Gen, — ^Euonymus, Catha, Celastrus, EIsbo- 
dendron. 

1233. Tlie order is more or less acrid, and some of the plants 
yield oil. 

Catha edulis is the Elat or K.h4t of the Arabs, the leaves of which are sBmulant. 

Celastrus receives the name of False Bitter-sweet. C. scandens has a purgative 
and emetic bark. The plant is called Virginian Wax-work in America. C. ve- 
nenatus is very spiny. C. panictUatus has stimulant seeds. 
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Elteodendron. The apeciee of this gen&B have dropaoeona fruit, which ia aometimea 
edible. 

Enonymua europaQua, the oommon Sptndle-tiree, haa a beautiful acarlet arillode 
(Pig. 901, p. 299). The charred wood ia uaed in France for cannon gunpowder, 
and the charred young ahoots are employed in drawing. £. tingena haa a yeU 
low inner bark, which ia uaed aa a dye. £. atro-purpureua and £. americanna 
(aometimea called Strawberry-tree) have crimaon capaules, and bright acarlet 
arillodea. The name Buming-bnah ia given to Enonymua in America^ 

1234. Nat. Ord. 69.-— Staphyleaceje, the Bladder-nut order.— 
Shrubs allied to Spindle- trees, and distinguished by their compound 
leaves, with stipules and stipels, more or less separate carpels, and a 
bony spermoderm. Some consider them as having hypogynous sta- 
mens, and place them near Sapindaceae. They are scattered over the 
globe. They receive the name of Bladder-nut from the membranous 
inflated fruit of some^species, such as Staphylea pinnata. Their bark 
is often bitter, while their seeds are oily and acrid. Known species 14. 
lU. Gen, — Staphylea. 

1235. Nat. Ord. 70,— 

Rhamnaceje, the Buckthorn 
order (Fig. 1451). — Shrubs 
or trees, often spinose, with 
simple, alternate leaves, and 
small flowers. Calyx 4-5-cleft, 
valvate. Petals 4-5, cucul- 
late or convolute, inserted on 
the throat of the calyx, bome- 
times 0. Stamens 4-5, oppo- 
site the petals. Ovary some- 
times adherent to thecalycine 
tube, immersed in a fleshy 
disk ; ovules solitary. Fniit 
a capsule, berry, or drupe. 

Seeds erect, albuminous, not 
arillate. Generally distri- 
buted, Known species 250. 

Ill, Gen, — Paliuru^ Zizyphus, Hovenia, Rhamnus, Ceanothus, Phylica, 
Pomaderris, Gouania. 

1236. The properties of the order are generally acrid and pur- 
gative. Some are bitter, tonic, and astringent ; others yield dyes. 
The fruit of some is edible. 

Ceanothus aihericanus. An infusion of the twigs is prescribed as an astringent, and 
the leaves are used for tea under the name of New Jersey tea. 

Hovenia dulois is remarkable for the enlargement of its peduncles, which become 
succulent, and are used as a fruit in China. 

Rhamnus, Buckthorn, is tlie type of the order. R. catharticus yields a cathartic 


Fig. 1451. Paliurui ai uleatus or Zirypliiis pHimru^, a tlioniy Rli.imnaceoui plant, raj^iosed to he 
the Hebrew Shamir, frRntlated Briare m many paasagps m Iiaiah. 
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fruit The lynip of Buckthorn, and the dye called sap-green or bladder-green^ 
are prepared from it The fruit of R. infcctoriu8» B. saxatilis, and B. amygdalinos, 
oonatituta the French berries of the shops^ which, in their unripe stat^ are used 
for a yellow dye. 

Sagereda theezans is used for tea by the poor in China. 

Ziiyphus (Fig. 150, p. 63). The species of this genus supply eatable fruit in 
general. Jujube paste is prepared from the fruit of Z. Jt^ba ainl vulgaris. Z. 
Lotus is the Lote-bush, the fruit of which is used by the Arabs. It gave its 
name to the ancient Lotophagi The Hebrew Naazuz or Naatzutz, translated 
Thom (Is. vii. 19, and Iv. 13), perhaps refers to a species of Zizyphus. Boyle 
Goi\}ect^ that it may mean an Acada. 




Fig. 1454. 



Fig. 1468. 


1237. Nat. Ord. 71, — ANACARWACEiE, the Cashew order (Figs. 


Figures 1463 to 1466 iUnstraie the natural order Auacardiaceae. 

Fig. 1468. Diagram of the flower of Rhus, showing flvo divinions of the calyx, five imbricate petals, 
five alternating stamens, a onc-ceUed ovary, with a solitary o\nle. I'lg. 1468. Branch of Rhus Cotiuui 
bearing oymose clusters of small flowers, and alternate, simple, cxstipulate loaves. Fig. 1464. Branch 
of ShusCotinus, tlie Wig-tree, bearing hairs in place of floaers. Fig. 1466. Pistana Terebinthus, 
the Terebinth tree, a native of the southern part of Europe and north of Africa. It yields the liquid 
resinous ondation called Chian Turpentine. It is supposed to be the Hebrew Alah, translated tree 
in Gen. ivUL 4. It is also translated oak, teil-tree, elm, and even plain (Gen. xui. 18). 
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1452-1455). — Trees or shrubs, wilh alternate, exslipulate, dotless 
leaves, and small, sometimes unisexual, flowers (Fig. 1453). Sepals 
3-5, united. Petals 3-5, imbricate. Stamens equal in number to the 
petals, and alternate with 
them, or twice as many or 
more, perigynous or attached 
to a disk. Ovary one-cclled ; 
styles and stigmas usually 
three ; ovule solitary, with a 
long curved cord attached to 
a basal placenta. Fniit in- 
dehiscent, a nut or drupe. 

Seed exalbuminous , embryo 
curved. The order forms a 
part of the Terebinthacese of 
Jussieu. Chiefly found in 
tropical America, Africa, and 
India. Known species about 
100. Ilh Oen, — Pistacia, 

Schinus, Duvaua, Melano- 
cocca, Rhus, Melanorrhoca, 

Stagmaria, Mangifera, Ana- 
cardium, Semecarpus, Spon- F»g. i 465 . 

dias. 

1238. The plants abound in a resinous, or milky, acrid, and poi- 
bonous juice, which often becomes black in drying. The fhdt, how- 
ever, in some cases is eatable. 

Anacardium occidentale, the Cashew-nut, has a fleshy edible peduncle supporting a 
nut, the kernel of which can be eaten, while the pericarp is acrid. The bark 
yields gum. llie fruit of A. orientale is said to produce cerebral effects. 

Mangifera indica produces the Mango, a highly valued tropical drupaceous fruit. 
The choicest kind of Mango in the East Indies is called Muldah. There are 
many vaiioties in the West Indies. Nos. 11 and 82 (being numbered so in 
the St. Andrews Botanical Garden, Jamaica) are among the best; the former 
being green-coloured, the latter yellow. 

Melanorrhoca usitatissiina is the source of the varnish of Martaban. 

Pistacia Ixiitiscus and atlantica yield the rosin called mastich. llie former species 
abounds in the island of Chios, whence mastich is imported. P. Tercbin- 
thus, the Terebinth-tree (Fig. 1165) is the source of Chian turpentine. P. 
vera produces the Pistacia or Pistachio nut, with its green-coloured oily ker- 
nels. The Hebrew Botnim, translated nuts (Gen. xliii. 11), seem to refer to the 
Pistachio nuts. P. Khinjuk and P. cabulica of Stocks, yield a resin which is 
used for mastich in Scinde. 

Rhus, the Sumach, (Fig. 1463) supplies many poisonous species, the jttice of which 
is acrid, and causes erysipelas. R. Toxicodendron, the Poison-oak or Poison- 
ivy, has been used as a remedy in paralysis. R. venenata is the poison Sumach, 
or Poison-elder. R. typhina, R. glabra, and R. coriaria, have acid fruits and 
astringent barks used for tanning. R. Cotinus, Venetian Sumach, (Fig. 1463) 
often produces hairs in place of flower-stalks (Fig. 1464) and is called the Wig- 
tree. Its wood is called young fustic. R. Metopium famishes the hog-gum of 
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Jamaica* Cryatalllnc wax» or inaect wax of China, Pe-Ia of the Chineae^ ia 
proonved firom Rhus saccedaneum by the instnunentaUty of an insect of the 
Cicada fktnily. 

Sabla, a genus donbtfally referred to ibis order, is said to be allied to Menispermaceo, 
and probably forms the type of a new order, SabiaoesB. 

Schinns Molle, and other plants of the order, have leaves full of resin, i^ich is ex- 
pelled with force ^hen they are thrown Into water, and the recoil gives rise to 
a movement of the lea^ « 

SemecarpuB Anacaidium, the marking Nut-tree, supplies the black varnish of 
Sylbet. 

Spondias. Several of the species, as S. purpurea and S. Hombin have eatable fruit 
called Hog-plums. 

Stagmaria vemidflna, a plant of the Indian Archipelago, supplies the acrid resin 
called Japan Lacquer. 

1239. Nat. Ord. 72. — Amyridace^, the Myrrh order (Figs. 1456 
and 1457). — Trees or shrubs, with alternate or opposite, compound, 




occasionally stipulate and dotted leaves. Calyx 2-5-divided. Petals 
8-5, valvate. Stamens twice as many as the petals. Ovary 1-5-celled, 
surrounded by an annular disk ; ovules in pairs ; placenta apicilar. 
Fruit 1-5-celled, hard and dry; exocarp splitting into valves. 
Seeds anatropal, exalbuminous. Some consider the order as allied to 
Aurandaceie. Natives of tropical India, Africa, and America. 

ngures 1466 sod 1467 illustrate the natural order AmyndaceK. 

Fig. 1466 Balsamodendnm Ifyrrha, supposed to yield Myrrh, the Hebrew Mor (Xzod xzx 68 ; 
Esth. ii. 18; Psslm xIt. 8 ; Cant. iv. 6, v. 6, 18 ) ; and the Mnrraor Smuma of the Greek (Matt. u. 11 ; 
Mark zv. 88 ; John zix. 89). The plant has spmy brandies and alternate eosipound leares. Fig. 1467. 
Plants supposed to be the Basam, BaahShemen, or Balsam-trees of Scripture. They hare alternate, 
teroate, e, or unequally puuuite laares, ft. The Hebrew Basam is translated spices in Ezod. zxxv. 98, 
lSingsx.lO; Cant.T.l,lS,n.8 
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Known species about 60. lU* Gen.— Boswellia, FrotituU) Balsamo- 
dendron, Elaphrium, Bursera, Icica, Canarium, Amyris. 
i 1240, The order abounds in baJsamio resin. Some of the plants 
are bitter, others poisonous. 

Amyris hexaudra and A. Plomieri are two of the sources whence Eleml is procured. 

A. toxifera is poisonous. Some species yield a bark which is used for paper. 

* Balsamodendron, Balsam-tree. This genus seems to flimish important products. 

B. Myrrha (Fig, 1456), or an allied species, appears to be the source of the He- 
brew Mor, or the Myrrh of commerce, which is an aromatic, bitter gum-resin, 
containing volatile oil. The Balsam-tree, the Hebrew Basam or Baal-Shemen, 
translated spices in many parts of the Bible, seems to be a species of fialsamo- 
dendron (Fig. 1457). It must not be confounded with the Balm and Balm of 
Gilead of Scripture, the Tzeri of the Hebrew, the source of which is unknown. 
B. Mokul and B. pubescens produce the resin called Bdellium. 

Boswellia thurifera (serrata) and B. glabra supply Olibanum, which seems to be the 
Hebrew Lebonah, and Greek Libanos, translated Incense or Frankincense in the 
Bible. The bark of B. papyrifera, an Abyssinian tree, separates in thin white 
layers like the Birch. 

Elaphrium tomentosum supplies one of the resins called Tacamabac. E. elemifemm 
yields Mexican Elemi. 

Icica. Several species of this genus yield balsamic resins and incense-wood. 
I. Idcariba supplies Brazilian Elemi. I. altissima produces the Cedar-wood of 
Guiana, used for making canoes. 

1241. Nat. Ord. 73. — Connaraceje, the Connams order. — Trees 
or shrubs with alternate, compound, dotless, and usually exstipulate 
leaves. Calyx S-parte^ imbricate. Petals 5, usually imbricate. 
Stamens 10, perigynous or hypogynous, opposite the petals, usually 
united. Carpels one or more ; style terminal ; ovules 2, orthotropal. 
Fruit follicular. Seeds with or without albumen, often arillate. Tro- 
pical American plants. The aril of some Omphalobiums is eaten, and 
Zebra- wood is furnished by 0. Lamberti. Known species 41. Ill, 
Oen, — Connarus, Omphalobium, Cnestis. 

1242. Nat. Ord. 74. — ^Leguminos.^ or Fabace.®, the Leguminous 
order (Figs. 1458 to 1467), — ^Herbs, shrubs, or trees, with alternate, 



Fig. 1468. Fig. 1469. Fig. 1461. Fig, 1468. 


usually compound, stipulate leaves (Fig. 297, p. 128). Calyx 6-divided 
(Fig, 1461), hypogynous, odd segment inferior (anterior). Petals 

Figures 1468 to 1467 illustrute the nuturat order Legummosn. 

Fig. 1468. Diagram of the papilionaceous dower of Lstbyms, showing five divisions of the calyx with 
the odd B^pnent anterior, five irregular petala. consiiting of vexillum, two ate and oarinse, the odd 
psUl beiiig posterior, ten stamens, dtadelphoiis, and a one-celled ovary, whirii becomes thsleginne in 
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usually five, sometimes one or more abortive, papilionaceous or regular 
(Figs. 1459 and 1466, and Fig. 452, p. 187), odd i)e(al (if any) 



superior (posterior). Stamens definite or indefinite, perigynoiis, 
rarely hypogynous, distinct or united in one or more bundles (Figs. 
1460, 1462). Ovary superior, onc-cclled, one or many -seeded, some- 
times consisting of one carpel (Fig. 1463), sometimes of two or five. 
Style and stigma simple (Fig, 1463). Fruit a legume (Fig. 1464) or 

fruit. Fig. 14^9. Papilionaceous flower. Fi*; 1160. Scrtion of tlio flower of liHUiyms, showing the 
essential organs enclosed in the cariiia, and tllc^cxlUuln ahovu. Fig. 1461. Calyx of Lathyrus, showing 
flye segments, with the odd one inferior or anterior. Fig. 1462 Ksscntial organs of Lathyrus, showing 
nine stamens, united by filaments and one separate (diadclphous), and the pistil with its eunred style 
in the centre. Fig. 1463. Pistil of Broom, composed of one carjicl, with the coiled style, arising from 
the upper or ventral suture. Fig. 146J>. Legume of Pea, allowing dorsal and ventral suture with the 
ovules, oe, attached to the latter, pi, by cords, /; the wall of the carpel formed of threejayers, opi- 
carp, and en, endocarp, with the niesocarp between them. Fig 1465. Exalbuminous embryo of the Pea, 
showing two fleshy hypogeal cotyledons, ce (sarcolobtc), radicle, r, plumule, g, raised from a depression, 
/, and tigcllus, t. Fig. 1466. Flower of Cercis Siliquastrum, Judas-tree, showing the vexillum or upper 
petal interim:, as in sub-order-CssalpinieiB. Fig. 1467. Alhagi Maurorum, a kind of Camel’s Thorn, a 
thorny plant, extending from the North of India to Syria, which exudes a sweetish juice. This concretes 
in small granuliv masses, which constitute Persian Manna. The plant is one of those supposed to have 
yielded the Manna of Scripture— Exod. xvi,; Numb. xi. 

For farther illustrations of the order, see Ononis spiuoia, Fig. 149, p. 62. Pinnated and stipulate 
leaves. Figs. S94 and S96, p. 127 : Fig. 299, p. 128; and Fig. 800, p. 129. Genista monospermn, the 
Hebrew Rothem, Fig. 688, p. 206. Parts of papilionaceous flower, Figs. 585, 586, and 537, p. 207. Pistil 
of Latbyms, Fig. 669, p. 248. Legumes of various kinds, Fig. 818, p. 276 ; Figs 819 828, p. 277. 
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a drupe.* Seeds with or without albumen ; embryo with large coty- 
ledons (Fig. 1465). The order is a very extensive one, and the plants 
belonging to it are found in all parts of the world. They are most 
abundant in warm regions, and diminish on approaching the poles. 
Known species 6500. 

1243. Leguminous plants have been divided into three sub-orders. 
— Sub-order 1. Papilionaceae, petals papilionaceous, imbricate, upper 
one exterior (Figs. 1458 and 1459, and Fig. 476, p. 194). HI, Gen , — 
Podalyria, Piptanthus, Chorozema, Pultensea, Mirbelia, Liparia, Hovea, 
Borbonia,Orotalaria, Lotononis, Cytisus, Trifolium, Indigofera, Psoralea, 
Galega, Brongniartia, Astragalus, Vicia, Arachis, Coronilla, Hedysanim, 
Clitoria, Kennedya, Glycine, Dioclea, Erythrina, Phaseolus, Cajanus, 
Rhynchosia, Abnis, Dalbergia, Sophora. — Sub-order 2. Ciesalpiniese, 
petals imbricated, upper one interior (Fig. 1466). Ill, Gen, — Leptolo- 
bium, Ceesalpinia, Cassia, Swartzia, Amherstia, Bauhinia, Cynometra, 
Dimoiphandra. — Sub-order 3. Mimoseae (Fig. 76, p. 33), petals valvate 
in aestivation. III. Gen. — Parkia, Mimosa, Acacia. 

1244. The properties of the order are very various. Some are 
nutritious, others tonic and astringent, others purgative, and some 
poisonous. The plants supply timber, fibres, gums, dyes, and various 
other economical articles. 

Sub-order 1. Papilionacb^ Pulse Section.— -Among the plants of this sub-order 
may be noticed, Beans, Peas, Lentils, Kidney-beans, and Pulse of various kinds, Lupins, 
Glover, Lucerne, Medick, Saintfoin, Liquorice, Tragacanth, Indigo, Kino. The greater 
number are more or less nutritious or wholesome. There are, however, some poisonous 
plants, as Coronilla varia, some Gompholobiums, seeds and bark of Laburnum, seeds of 
Lathyrus Gicera, and L. Aphaca, roots of Phaseolus multiflorus (the Scarlet-runner), and 
of P. radiatus, bark of the root of Piscidia erythrina (Jamaica Dogwood), branches and 
leaves of Tephrosia toxicaria, and the seed of an unknown species used in Calabar for 
trials by ordeal. Some of the plants, as Desmodium gyrans (Fig. dll, p. 188), display 
remarkable irritability in their leaves (p. 498). Many have very showy flowers, which 
render them favourites in cultivation. 

iEschynomene. A species of this genus, iE. paludosa, supplies Indian Bice-paper, 
the Shola of India. 

Alhagi Maurorum (Fig. 1407), Camels-thorn, is said to yield a kind of manna. 

Andira inermis, Cabbage-tree. The bai*k is anthelmintic. 

Arachis h 3 rpoga>a, Ground-nut, produces a subterranean legume. Its seeds yield an 
oil called in India Katchung-oil. It is used for burning, and for dressing cloth 

Astragalus gummifer, verus, and other species, furnish Gum Tragacanth. 

Baptisia tinctoria, the Wild Indigo of America, is used as a dye. 

Bntea frondosa, the Dhak-tree or Pulas of India, yields a kind of Kino. This plant 
in full flower is said to be a gorgeous sight The mass of inflorescence, Dr. 
Hooker says, resembles sheets of flame. The bright orango-red petals contrast 
brilliantly with the jet-black velvety calyx. 

Colutea arborescens, Bladder-Senna, is so called from its inflated legumes (Fig. 824, 
p. 278), and from being used as a substitute for the obovate Senna (Fig. 274, p. 122.) 

Crotalaria juncea produces a fibrous bark, whence Sun or Bengal Hemp is prepared. 

Cytisus (Sarothanmus) scoparius, the common Broom, acts as a diuretic. 

Dalbergia Sissoo is a valuable timber-tree of India. The wood is called Sissoo and 
Sheeshum by the natives. 


* See dMoription of rarious kinds of legumes, pages 276, 277, and 276, also transformatioits of the 
pistil of I«gttmtoous plants, p. 267. 
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Dipterix odontta has fragrant seeds called Tonka*beans. D. oleifera yields a thi- 
grant seed called the Eboe-nnt on the Mosquito shore. 

Ervum Lensi, LenUl 251| p. 115), the Hebrew Adashim, when boiled forms a 
pottage of a or chocolate colour, much valued in Egypt and Western 
Asia. 

Geoffiuya superba yields a drupaceous fruit, which is used by the Brazilians on the 
banks of the Rio San Franeisoo. 

Glyc 3 rrrhiza glabra supplies Liquorice-root Other species have similar roots, which 
owe their sweetness to the presence of Glycion. 

Indigofera tinctoria, and I. cssrulea, supply the Indigo of commerce. The peltate 
hairs of this genus separate it from Tephrosia. 

Bfavia judicialis of Bertoloni, is the Mavi of the Cadres, and yields a poisonous 
bark used by them as a test in judicial trials. 

Mucuna pruriens and prurita, Cowitch, have legumes covered with irritating hairs, 
which are used mixed with syrup as a vermifuge. M. urens and M. altissima 
yield a black dye. 

Myrospermum peruiferum of Sonsonate yields the Balsam of Peru, or St. Salvador 
Black Balsam, which is procured by incisions in the trunk. The fruit yields the 
white balsam of Sonsonate, which contains a crystalline substance called Myroxo- 
carpine. Myrospermum toluiferum yields the Balsam of Tolu. 

Pterocarpus Marsupium, an Indian tree, is the source of Malabar Kino. P. erina- 
ceus yields a similar concrete exudation. P. Dalbergioides, and P, indicus, 
jrield a kind of Kino in Maul main. P. santalinus furnishes the dye called Red 
Sandal-wood. P. Draco yields Gum-Dragon. 

Pueraria tuberosa. The tubers are collected and used for their cooling properties. 

Soja hispida. The pods are used in the sauce called Soy. 

Triptolomea. Several species of this genus are said to yield the Rose-wood of com- 
merce. 

Sub-order 2. C^csai.pixie 2 B| Senna Section.— This sub-order is characterized chiefly 
by purgative and by dyeing properties. Among tlie important plants are^Senna, Tama- 
rind, Logwood, Sappan-wood, and Camwood. 

Baphia nitida yields a dye-wood called Barwood or Camwood. 

Bauhinia Vahlii. The fibres of its bark are used for ropes in Kumaon. 

CsBsalpinia Sappan furnishes the Sappan, Wukkum, or Bukkum-wood of Scinde, 
which is used as a dye. C. echinata and other species supply the Pemambuco- 
wood 6f commerce, C. brasillcnsis, the Brazil-wood. Divi-divi or Libi-dibi is 
the twisted legumes of C. coriaria ; they are astringent, and are used in tanning. 
The legumes of C. Papai, under the name of Pi-pi, are also mixed with those of 
the last mentioned species. 

Cassia. The species of this genus furnish the various kinds of Senna. Alexandrian 
Senna contains leaves of Cassia acutifolia (Fig. 255, p. 116), and C. obovata 
(Fig. 253, p. 115.) Bombay or Mecca Senna is the produce of Cassia lanceolata 
(Fig. 252, p. 115) ; Tinnevelly Senna, of Cassia elongata, and C. lanceolata ; 
Tripoli Senna, of C. sethiopica ; and Aleppo Senna, of C. obovata. C. Fistula 
(Cathartocarpus Fistula), has an indehiscent legume, multicellular by spurious 
septa, and containing pulp which is secreted by the inner lining (Fig. 705, p. 247). 
Cassia Cluimsecrista is the Sensitive Pea, or the Partridge Pea of America. Along 
with some other species it shows irritability in the leaves. 

Ceratonia Siliqua (Fig. 771, p. 265), the Algaroba-bean or Carob-tree, has an edible 
legume, which is used as food for horses. Some call it St. John’s Bread, from 
its supposed use by the Apostle in the Wilderness, under the na.*n6 of Locust. 
It is called in Syria the Husk-tree, and its legumes are given to pigs. The fruit 
appears to be the Keratim or husks mentioned by St Lnke (See note, p. 265). 

Copidf^a. Yarioas species yield the West Indian and Brazilian Balsam of 
Copaiva, which consists of a resin and oil, and is used in inflammations of the 
mucous membranes. C. bracteata and pubiflora furnish the Purple-Heart or 
Purple- Wood of Guiana, used for making musket ramrods. 
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Hsmatoxylon campecbianam, the Logwood-tree» is used as a dye, and as an 
astringent in diarrhoea. The stem baa often an irregularly fluted appearance. 

Hymensea Courbaril, West Indian Locosiftree, attains an Mormons size, and snp- 
plies one kind of Anime resin. Its bark is vermifuge. Its wood, under the name 
of Locust-wood, is used by ship-carpenters. Its colour is light-yellow. 

Mora excelsa is a large timber tree of Guiana, ftom 90 to 100 fuet in height 

Poinciana pulcherrima. The bark and root are used in Mexico as a remedy in 
Lepra and other cutaneous diseases. 

Tamarindus indica, the Tamarind-tree, contains in its pod a laxative pulp^ which is 
a secretion from the endocarp. 

Sub-order 8. Mimosejb, Gum Arabic Sectlon.~In this sub-order gummy and astrin- 
gent matters prevail. 

Acacia. Various species, such as A. Ehrenbergii, tortUia, vera, and arabica, 3 deld 
Gum Arabic and Gum Senegal. The Wattles of Australia are species with astrin- 
gent barks. A* dealbata is used for tanning. A. formosa supplies the valuable 
Cuba-timber called Sabicu, which was used in forming the stairs of the Crystal 
Palace in Hyde Park. A. Catechu furnishes a kind of Catechu or Cutch in the 
East Indies. The pods of A. nilotica, under the name of Neb-neb, are used by 
tanners. A. varians is said to have poisonous qualities. A. Seyal is the Shittah- 
tree or Shittim-wood of the Bible (Fig. 76, p. 88, see note). The Babul or 
Babool wood, used for tanning in Scinde, is got from A. arabica. Pliyllodia 
(Fig. 819, p. 136), are found in many of the Australian Acacias. 

Entada scandens. The seeds arc often wafted from the West Indies to the Outer 
Hebrides, and to the shores of Ireland. 

Mimosa pudica fFig. 312, p. 138), and sensitiva, display remarkable irritability in 
their leaves (p. 493). 

1245. Nat. Ord. 75. — MoRiNGACEiE, the Moringa order. — This 
order is considered as allied to Legiiniinosee, the plants differing chiefly 
in their petaloid sepals, stamens arising from a perigynous disk, a pod- 
like capsular fruit with three valves, three parietal placentas, and locu- 
licidal dehiscence, with the seeds buried in the substance of the valves. 
Lindley thinks that the parietal placentalion, and other characters, 
places the order near Viulacese, although differing in its « perigynous 
stamens. Trees with pinnate or tripinnate leaves, found in the East 
Indies and in Arabia. Known species 4. Ilh Qen, — Moringa. 

1246. The properties of the order are usually stimulant and pun- 
gent. Some species yield a fragrant oil. 

Moringa pterygosperma, Horse-radish tree, has winged seeds, beautiftilly arranged 
in the pod, the body of the seed being In the spongy valves, and the wings 
spreading out in three directions. The root has the taste of Horse-radish, and 
has been used as a stimulant and rubefacient. The bark of the tree yields gum, 
and its seeds are called Ben-nuts, supplying Ben-oil, used by perfhraers and 
watchmakeis. 

1247. Nat. Ord. 76 . — Rosaceas, the Rose order (Figs. 1468 to 
1478). — Trees, shrubs, or herbs, with alternate, usually stipulate 
leaves (Fig. 1470), and regular, rarely unisexual, flowers. Calyx 4-5- 
lobed, sometimes calyculate, fifth lobe posterior. Petals 5 (Fig. 
1471), rarely 0. Stamens de^ite or indefinite. Disk lining the tube 
of the calyx (Fig. 1472), or surrounding its orifice. Ovaries solitary 
or several, one-celled (Fig. 1472), with one or few anatropal ovules. 
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Styles lateral (Fig. 1473), or terminal. Fruit achenes (F^. 1472), 
drupes (Fig. 1474) or acini, follicles (Fig. 1475), orpomes (Fig. 1478). 



Fig. 1477. Fig. 1478. Fig. 1476. 


Seeds one or more, exalbummous, with a straight embryo having flat 

Figures 1468 to 1478 illmtnte the natural order Rosaceffi. 

Fig. 1468. Diagram of tbeilover of the Strawberry, showing five outer calycine segments (epicalyx) 
fire inner segments, odd one snperior, fire petals, numerous stamens and carpels. Fig. 1469. Diagm 
of the flower of the Bos^ allowing fire divisions of the calyx, the odd one iMiug superior (posterior) 
fire petals, odd one inferior, numerous stamens and carpels. Fig. 1470. Branch of Bose, showing 
compound leaves and aduate il4>nle8. Fig. 1471. Flower of Strawberry, showing five divisions of 
calyx, five petals, the odd ono inferior. Ftg. 1472. Flower of the Strawbeny cut vertically, showing 
calyx, petals, stamens attached to the calyx, numerous one-seeded carpels on an elevated roceptaclo. 
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cotyledons (Fig. 1474). This order is generally distributed over the 
globe, but the species are most abuujjant in temperate climates, where 



they supply many important fruits. The known species amount to 
about 985. 

1248. The following are the divisions of the order: — Sub-order 1. 
Chrysobalaneje, trees or shrubs, carpel solitary, cohering more or less 
to one side of the calyx, ovules two, erect, style basilar, fruit a 
drupe, stipules not united to the petiole. lU, Oen, — Chrysobalanus. 
Sub-order 2. Amygdaleie, or Drupiferae, trees or shrubs, with a deci- 
duous calyx-tube, carpel solitary, free, stylo terminal, fruit a drupe 
(Fig. 852, p. 285), stipules not united to the petiole. Hh Oen , — 
Amygdalus, Prunus, Ccrasus. Sub-order 3. Kosern, herbs and shrubs, 
carpels not adhering to the tube of the calyx, styles terminal or lateral, 
fruit achenes or follicles, stipules united to the petiole. Under this 
sub-order there are four tribes : — Tribe 1. SpiraBidw, fruit a whorl of 
follicles, not enclosed within thocalycine tube (Fig. 1475). Ill Oen, 
— Kerria, Spirssa, Neillia, Gillenia, Brayera. Tribe 2. Potentillidse 
(DryadesB of some), calyx-tube short or nearly flat, not enclosing the 
fruit ; fruit achenes or drupes (acini), five or more, upon a flat or convex 
receptacle (Fig. 424, p. 177). III. Oen, — ^Rubus, Fragaria, Potentilla, 
Sibbaldia, Geum, Uryas. Tribe 3. Sanguisorbides, achenes 1-2, en- 
closed within the dry calyx-tube, petals often 0 (Fig. 1476), III, Oen. 
— Alchemilla, Sanguisorba, Poterium, Agrimonia. Tribe 4. Rosidae, 
achenes numerous, enclosed within the fleshy calycine tube, which is 


Fig. 1478. Carpel of Strawberry (acbeno) with lateral style. Fig. 1474. Drupe of Cherry, with ita 
epicarp, ep, Aeihy meiocarp, mtf, itony endocarp, en, pendulous seed, g. Fig. 1476. Section of flower 
of Spircea, showing perigynous stamens and follicular fruit. Fig. 1476. Flower of Alchemilla, with a 
double tetramerous calyx, four stamens, and a basilar style, h'ig. 1477. Fruit of the Hose cut rerti- 
rally, showing the thickened or disk«bearing calyx-tu1)e, r, bearing the stamens, and enclosing the 
achenes, a, with their styles, which pass through the contracted throat of the calyx. The limb of the 
calyx is free above, and the petals are attached to the orifice of the calyx. I'ig. 1478. Fruit of the 
Apple cut transversely, showing five carpels, which arc enclosed in a fleshy disk-bearing calyx. The 
fruit may be considered as composed of carpels adhering by their hack to the succulent calyx-tnbe 
uhich encloses them. 

Additional Figures illustrating the order Bosnccic. Leaves, stipules, and inflorescence, Fig. 302, 
p. 129; Figs. 873, and 376, p. 167 ; Fig. 613, p. 227 ; Fig. 896, p. 1G6 Culyculate ralyx of Straw- 
berry, Fig. 607, p. 200. Flowers, fruit, fcc. of Dmpiform, Fig. 6i^, p 241 ; Fig. 612, p. 227 ; Fig, 770, 
p. 264. Follicle of Spirma, I’lg. 686, p. 242. Fruit of Rose. Fig. 426, p. 178. Stamen and style of 
Alchemilla, Fig. 642, p. 238; Fig. 737, p. 252. M-oustrosities in Bosaccte, Figs. 436 and 437, p. 178; 
Figs. 428, 429, and 480, p. 181. 
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contracted at the orifice (Pig. 1477). Ill Gen. — Bosa. To these 
may be added the tribe Quillaie®, with capsular fruit and winged seeds, 
as in the genera Quillaia and Lindleya ; and the tribe Neurade®, with 
the calyx adherent to a ring of ten carpels, and a pendulous seed, as in 
the genus Neurada. Sub-order 3. Pome®, trees or shrubs, carpels 1*5, 
adhering more or less to the tube of the calyx and to each other ; 
fruit a pome (Fig. 1478, and 776, p. 267) ; stipules not united to the 
petiole. Ill Gen. — Cydonia, Pyrus, Mespilus, Cotoneaster, Cratregus. 

1249. Astringent properties are exhibited by the bark and root of 
most of the plants of the order. Prussic acid occurs in the sub-orders 
Amygdale® and Pome®. Many of the plants supply edible fruits. 

Sub-order 1. CHRTSOBi^iiAjmA. — This sub-order is a tropical oiie» and produces 
edible, plum-like fruits. 

Chrysobalanus Icaco, the Cocoa-plum, is a West Indian stone-fruit. G. luteus yields 
a similar fruit in Sierra Leone. The bark and leaves of the former have been 
used as an astringent in diarrhcea. 

Sub-order 2. AMrauAiiRiB, or Drupifeuae. — Hydrocyanic acid is present in the 
leaves, flowers, and seeds of the plants of this sub-order. Their bark is astringent, 
and yields gum. The fruit is in many cases edible. 

Amygdalus communis, the Almond-tree (Figs. 858 and 859, p. 286), is a native of 
Asia and Barbary, and is cultivated extensively to the south of Europe. It is 
the Hebrew Luz and Shaked. There are two varieties,— one producing sweet, 
and the other bitter almonds. The kernels of the former contain a fixed oil and 
emulsine, while those of the latter contain in addition a nitrogenous substance 
called Amygdaline, which, by combination with emulsin^ produces a volatile oil 
and Prussic acid. The hydrocyanated oil of Bitter-almonds is used in the 
same way as Prussic acid. It sometimes gives rise to Urticaria. A. persica 
produces the Peach, and a variety yields the Nectarine. 

Gerasus serotina, Black Cherry, is a large tree. The wood is used in 4n^<^^ca for 
cabinet-making. The bitter tonic and astringent bark, containing hydrocyanic 
acid, is employed in medicine under the name of Prunus virginiana. But 
Prunus (Gerasus) virginiana is a shrub witli astringent fruit, and is called Choke- 
Cherry. C. Laurocerasus, Cheriy^-laurel, or common Bay-laurel, yields a hydro- 
cyanated oil. Cherry-laurel water is employed medicinally as an anodyne and 
sedative. C. avium is the Wild-cherry, a variety of which is used in the 
preparation of Kirschenwasser. The kernels of species of Gerasus impart 
favour to noyau, ratafia, chorry-brandy, and marasciiino. 

Prunus communis is the source of the common Plum. Varieties of this species are 
said to produce the Sloe (Fig 148, p. C2) and Bullace. P. lusitanica is the 
Portugal laurel, a well-known evergreen. P. Armeniaca is the Apricot 

Sub-order 3. Roskai.— The plants in this section are chiefly characterised by astrin- 
gent and febrifugal properties. They have frequently edible fruits, such as the Straw- 
berry, the Raspberry, and the Bramble or Blackberry. 

Brayera anthelmintica, Cusso or Kousso, an Abyssinian plant, is used as a vermifuge. 

Fotentilla Tormentilla has an astringent root used for tanning. Many other Po- 
tentillas (Cinquefoils) have astringent and febrifugal qualities. 

Quillaia saponaria is remarkable for its saponaceous bark, which abounds in saponine, 
and is used for soap. 

Rosa canina. Dog-rose, yields an astringent fruit employed in diarrhcea. R. gallics, 
French or Provins Rose;, is used in a similar way. R* centifblia, the common 
Cabbage-rose, and its varieties R. damascena and R. moschata, yield a fragrant 
essential oil, called Attar of Roses, which is distilled from the petals. Dr. Hooker 
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that 20,000 flowers of EoBee(B. dameaoeaa) it Ghasepore ire required to 
make a rapee weight of the attar, wUdh selle for £10. 

Spiraa Ulmi^ Meadow-sweet, has fragrant flowers, which are said to yield 
Ptnaaio-acid. From the root of 8. Kamtsohatiea a strong liquor is prepared in 
Kamtsdiatka. 

Sub-order 4. Poice^.— E dible fruits are flimished by this sub-order, and the seeds 
yield Prussic-acid. Among the fruits are the Apple (Pyrus Mains), Pear (P. com- 
munis), Medlar (MespUus germanica), Quince (Cydonia vulgaris), Loquat (Eiio- 
botrya japonica). The PUiwthorn, Service-tree, and Mountain-ash are also in c luded 
in t^ sub-order. 

1250. Nat. Ord. 77. — CALYCANTHACEiE, the Calycanthus order. — 
Shrubs with quadrangular stems, having four woody axes surrounding 
the central one, opposite, entire, exstipulate leaves, and solitary lurid 
flowers. Calyx of numerous coloured sepals confounded with the 
petals, and all united below into a fleshy tube, bearing numerous sta- 
mens on its rim. Outer stamens extrorse ; inner, sterile. Ovaries 
several, one-cellod, adherent to the calycine tube ; ovules one or two. 
Fruit, achsania enclosed by the calyx. Seed exalhuminous ; cotyle- 
dons convolute. The plants are found in North America and Japan. 
Their flowers have an aromatic fragrance, and their bark is sometimes 
used as a carminative. Calycanthus floridus, Carolina Allspice, flir- 
nishes a hark which is sometimes used in place of Cinnamon. There 
are 6 known species. Ill, Gen, — Calycanthus, Chimonanthus. 

1251. Nat. Ord. 78 . — Lythkaceje, the Loosestrife order. — Herbs, 
rarely shrubs, often with qua- 
drangular bra^iclioa, "with usu- 
ally opposite, and entire cxsti- 
pulate leaves. Among these 
exalhuminous perigynous orders 
it is distinguished by its tubular 
calyx enclosing a 2-6-celled 
ovary which is free from it, its 
united styles, membranous cap- 
sular fruit, and stamens inserted 
on the calycine tube below the 
petals. The plants are chiefly 
tropical; some are found in 
Europe and in North America. 

Species 300. Ill, Gen, — 

Peplis, Ammannia, Lythrum, 

Cuphea, Lawsonia, Lagerstrh- 
mia. 

1252. Astringency is met 
with in many plants of the order. 

Some of them furnish dyes. 

Cuphea. In the species of this genus the placenta bursts through the ovary and 
floflEd envelopes, and appears as an erect process bearing the yonng seeds. 

Pig. 1470. Lawsonia inermis, the Henna of the Arabs, supposed to be the Hebrew Kopher or 
Gopher, translated Camphire in the Song (rf Solomon, i. 14, and iv. IS. 

3a 



Fig. 1479. 
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XiAgtrBtrbmia Begina has winged seeds, which are said to be narcotic. 

Lawsonia inermis (Fig. 1479), is supposed to be the Kopher of the Hebrew, trans- 
lated Camphire in the Song of Solomon. It is the Henna or Alkanna of C^rus 
and Bgypt^ which is used in the East for dyeing the nails, the palms of the hand, 
and the soles of the feet, of an iron-rust colour. The plant is also prized for the 
fragrance of its flowers. It is employed for dyeing morocco leather. 

Lythrum Salicaria, Purple Loosestrife, a British plant, found also in New Holland, 
has been prescribed in diarrhoea. 

1253. Nat. Ord. 79 . — ^Rhizophorace.®, the Mangrove order. — Trees 
or shrubs, with simple, opposite leaves, having deciduous interpetiolary 
stipules. Calyx ^herent, with 4-12 valvate lobes. Petals 4-12. 
Stamens twice or thrice as many. Ovary 2-4-celled, with 2 pendulous 
ovules in each cell. Fruit rSonospermal, indehiscent, crowned by the 
calyx. Seed exalbuminous ; embryo germinating in the pericarp. The 
plants grow in the unhealthy maritime swamps of the tropics. Known 
species 21. HI. Oen. — Rhizophora, Kandelia. 

1254. Mangroves have usually astringent barks, employed as febri- 
fuges and for tanning. Some are used for dyeing black. 

Rhizophora Mangle, the Mangrove tree (Fig. 123, p. 58), liae remarkable aerial roots, 
which descend into the mud at the months of rivers, and raise the stem of the 
plant upwards. The fruit of the plant is edible. The bark is used for tanning. 

1255. Nat. Ord. 80. — ^VocnYsiACEiE, the Vochysia order. — Trees 
or shrubs, with their young branches often quadrangular, leaves entire, 
usually opposite and stipulate. Sepals 4-5, upper one spurred. Petals 
1-5, unequal. Stamens 1-5. Fruit a triquetrous, 3-celled capsule, 
with a central placenta. Seeds exalbuminous, usually winged. Found 
in equinoctial America. Some of the plants are timl^r trees. Known 
species upwards of 50. Ill Gen. — Qualea, Vochysia. 

1256. Nat Ord. 81. — Combretace.®, the Myrohalan order. — 
Trees or shrubs, with alternate or opposite, entire, exstipulate leaves, 
often apetalous. They are distinguished from the orders near them 
by their one-celled ovary, containing 2-4 suspended ovules, but only 
a single seed in the fruit, and convolute cotyledons. Natives of tro- 

^ pical regions. Known species 200. III. Gen. — Bucida, Terminalia, 
Getonia, Conocarpus, Combretum, Quisqualis, Gyrocarpus. 

1257. The plants of this order have astringent properties. Some 
species are cultivated for ornament ; others yield timber. 

Combretum altemifoliam. From the bark of this plant a gummy matter exudes. 

TermiDAlia belerica yields a fruit known by the name of Myrohalan. T. Chebula 

produces a similar fruit. Both are used as astringents. T. Catappa has edible 

seeds. T. alata has an astringent and febrifugal bark. T. Benzoin has a milky 

joioe which, wheA dried, is used as incense. 

1258. Nat. Ord. 82. — Melastomace®:, the Melastoma order, — 
Trees, shrubs, or herbs, with opposite, ribbed leaves, aad showy flowers. 
The anthers are long, rostrate, and bent down parallel to the filaments 
in aestivation, lying in spaces between the calyx and ovary. The plants 
differ from Lythraceae in the calyx-lobes not being valvate, and from 
Myrtaceie in the leaves not being dotted, Memecylon has sometimes 
been made the type of a separate order on account of its adherent 
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calyx, ribleas leaves, and convolute cotyledons. The plants are chiefly 
tropical* Known species about 2000. Ill* Gen.—^entradenia, Lasi- 
andra, Melastoma, Osbeckia, Bhexia, Medinilla, Sonerila, Miconia, 
Clidemia, Memecylon, Mouiiria. 

1259. The plants of this order possess a slight degree of astrin- 
gency. Some yield dyes, others edible fruits. None are poisonous. 

Helaatoma. The succulent fruit of many of this species is eaten, and the generic 
name implies that it dyes the mouth of a bla<^ colour. H. malabathrica has 
been employed medicinally in diarrhoea. 

Mourhia Fuse produces an edible fruit the size of a small Plum. 

1260. Nat. Ord. 83. — Alangiacejb, the Alangium order. — Trees 
or shrubs, with branches often spiny, leaves entire, alternate, exstipu- 
late, and without dots. Calyx adherent, 5- 10- toothed. Petals 5-10, 
linear, reflexed. Stamens equal in number to the petals, or two or 
four times as many ; fllaments villous at the base ; anthers adnate, 
linear. Fruit a drupe adherent to the calyx. Seed anatropal, pen- 
dulous, albuminous; cotyledons flat. Natives of India and North 
America. Many of the plants supply timber ; others have edible fruits. 
Some are aromatic. Known species 8. lU. Gen, — Alangium, Marlea, 
Nyssa. 

1261. Nat. Ord. 84. — Philadelphace.®, the Syringa order. — 
Shrubs, with opposite, deciduous, exstipulate, dotless leaves. Calyx 
adherent, 4-10-lobed, valvate. Petals alternate with the calycine seg- 
ments. Stamens indefinite. Styles distinct or united. Fruit a half- 
inferior 4-10-celled capsule, with an axile placenta. Seeds albuminous. 
The species are scattered over Europe, North America, and India. 
The flowers of Philadelphus coronarius, common garden Syringa, have 
an overpowering odour, and yield an oil. It is called Mock Orange 
in America. The leaves of the plant taste like Cucumbers. The leaves 
of the species of Deutzia, especially I), scabra, are covered with beauti- 
ful star-like hairs or scales. The known species of the order amount 
to 25. Ill, Gen, — Philadelphus, Decumaria, Deutzia. 

1262. Nat. Ord. 85. — Myrtace®:, the Myrtle order (Pigs. 1480 



Fig. 1480. 



Pig. 1461. 


to 1482). — Trees or shrubs, with entire, exstipulate, usually opposite 

Pigont 1480 to 1483 nittstrate the natiiral order Hyrtaces. 

Mg. 1480. Diagram Of the flower of Myrioa, showing five legmenta of the calyx, five petali with 
qtiineundal mativatioii, amnerone itament, a three-celled ovary with seeds attached to a central pla- 
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and dotted leaves (Fig, 1482), often having an intramarginal vein.' 

Calyx adherent (Fig. 1481), 4-6- 
cleft, sometimeB opercnlate. Petals 
4-5, sometimes none. Stamens usu- 
ally oc (Fig. 1481), with bng fila- 
ments and ovate anthers. Style 
simple. Fruit baccate in true Myr- 
teae and capsular in Leptospermeae. 
Seeds usually numerous, exalbu- 
minous. Tropical and sub-tropical 
plants. Known species 1300. Hh 
Gen, — Melaleuca, Eucalyptus, Me- 
trosideros, Leptospermum, Babing- 
tonia, Punica, Psidium, Pimenta, 
Myrtus, Caryophyllus, Eugenia, 
Jambosa. 

1263. The plants of this order 
are generally aromatic, and yield a 
pungent volatile oil. ^me of them 
are astringent, others yield gummy 
and saccharine matter. 

Caryophyllus aromaticus, the Clove plant. 
"Jlie unexpanded flower-buds constitute 
the Cloves of commerce. The roundish projection of the Clove is the unex- 
panded petals, which are surrounded by the tubular calyx. The name is a cor- 
ruption of the French cloUf and indicates the resemblance of this spice to a 
nail. The properties of Cloves are due to an aromatic pungent volatile oil. 

Eucalyptus. The species of this genus have an operculate calyx, and their bark 
often separates in layers. They constitute the Gum-trees of Australia, which 
supply a large quantity of tannin. E. resinifera yields, on incision, an astringent 
matter called Botany-Bay Kino. £. mannifera exudes a sweet substance re- 
sembling manna. E. dumosa is often covered with a saccharine matter called 
Lurp, produced by the attack of a Coccus. E. robusta has cavities in its stem 
containing a red gum. What is called a Box-flat in Australia is one covered 
with Eucalypti. 

Eugenia Pimenta hears an aromatic fruit, having tlie flavour of Cloves, Cinnamon, 
and Nutmeg, and which, when dried, constitutes Allspice, Pimento, or Jamaica 
Pepper. E. acria also supplies Pimento. E. malaccensis and E. Jambos pro- 
duce the Bose-apples of the East. E. cauliflora supplies an edible fruit in Brazil, 
called Jaboticabo. 

Leptospermum. The leaves of some of the species, as L. scoparium, are used in Aus- 
tralia 08 o substitute for Tea. 

Melaleuca minor. Its leaves furnish the green pungent oil of Cejeput, which dis- 
solves caoutchouc^ and which has been used externally as a rubefacient, and 
internally as a stimulant and carminative. The leaves of some species are used 
as Tea* 

Metrosideros. Some of the species supply hard and heavy timber, from which the 
clubs and other weapons of the South Sea Islanders are made. 

Myrtus communis, the common Myrtle (Fig. 1482), is the most northern species of 

cesta. Fig. 14S1. Flower of Myrtle cut Tertically, showing adbereut calyx, separate petals, nunerons 
stamens inserted into the calyx, inferior ovary with oTules, and a simple style. Fig. 148S. Hyrtni 
commnnis, the common Mjrrtle, the Hadas of the Hebrew, as noticed in Keh. viii. 16; Isaiah xU. 19, 
It. 18 ; Zedui. 8. 10, H. 
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the order. Ita buds and berriei have bee n used as spices. A fragrant distilled 
water is prepared from tbe dowers. The plant is the fiadas of the Bible. 

F^idium. Species of this genus supplj the fruit called Gaara. The chief sources 
aie P. pyxiferum, F. pomiferum, and P. Cattleyanum. P. pygmeum yields a 
due-flavoured fruit, the size of a Gooseberry. 

Pnntoa Granatum, the Pomegranate, is the Biminon of Scripture.* The fruit has a 
peculiar structure (Figs. 866, 866, p. 288). Various parts have been used mo- 
didually, (especially for the cure of tape-worm), such as the bark of the root, the 
crimson flowers called Cy tinus by Dioscorides, the double flowers or Balaustium, 
and the rind of the fruit or the Malicoriuin of the Bomans. The latter is said 
to form the principal material for tanning morocco leather. Some look upon 
Punica as an oscidant genus connecting Myrtaceao with Lythraoess and Ona- 
graceie, and forming the t 3 rpe of a distinct order. 

1264. Nat. Ord. 86 . — Oham^lauciace^, the Fringe-Myrtle order. 
— Small heath-like bushes, with evergreen leaves abounding in oil. 
Allied to Myrtaceaa, but differing in their fringed or feathery calyx, 
sterile staminal row, and 1 -celled ovary. They are fragrant New 
Holland plants. Known species 50. Ilh Gen, — Calytrix, Chamselau- 
cium, Darwinia. 

1265. Nat. Ord. 87. — Lecythidace^, the Monkey-pot order. — Large 
trees, with stipulate leaves and showy flowers. Allied 
to Myrtacese, but distinguished by their large almond- 
like seeds, their alternate, dotless leaves, and by their 
stamens being in part collected into a booded plate. 

The fruit is a woody capsule, often with circumscissile 
dehiscence (Fig. 1483), Natives of the warm regions 
of South America. Known species 38. Ill, Gen, 

— Couratari, Lecythis, Beiiholletia, Couroupita. 

1266. Many of the plants yield edible seeds. Their 
seed-vessels are sometimes used as cups and bowls, Fig. 148S. 
and their wood is put to economic uses. 

Berfholletia excelsa. The seeds of this tree are the Brazil, Castanha, or Para nuts 
of the shops. The tree often attains a height of 120 feet. 

Couroupita guianensis is called the Cannon-ball tree, from the form of its seed- 
vesseL It is called Wild Apricot in Cayenne. 

Lecythis ollaria is one of the largest trees in the Brazilian forests. Its seed-vessel 
receives the name of Monkey-pot The seeds are called Sapucaya nuts, and are 
much relished by monkeys, which are sometimes entrapped by the capsule when 
grasping the nuts. The liber separates easily into numerous layers. A small- 
fruited Lecythis is called by the Indians Macacarecuya or Monkey’s drinking-cup. 

1267. Nat, Ord. 88. — BARRiNGTONiACEiE, the Baningtonia order. 
— Trees or shrubs referred by most authors to the Myrtle alliance, but 
distinguished by the presence of a large quantity of albumen, alternate, 
dotless, and often serrated leaves. The fruit is pnlpy. Natives of 
the tropics. The bark of some of the plants is hitter and tonic. Known 
species 28. Ill, Gen, — Barringtonia, Careya, Gustavia. 

Fig. 1483. Pyxidium oroperculate capsule of Lecythis ollaria. It is called Moiikey«pot. The seeds 
in the interior arc eaten by monkeys. 



* The Pomegranate is noticed in variouB parU of the Bible, as in Exod. xjtrlii. 88 ; Nam. xx. 6 ; 
Dent. riii. 8; 1 Kings nL 18. SO. 48} Cant. Tilt. S, kc. Its acid Juice was used as a cooling sherbet. 
The English name is dmived from thepomuni granatum (grained apple) of the Bomans. 
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1268. Nat, Ord. 89. — Onaqracbas, the Evening-Primrose order 
(Figs. 1484 and 1485), — Herbs or 
shrubs, with alternate or opposite, 
simple, exstipulate, dotless leaves, 
and showy tetramerous flowers. Calyx 
superior, tubular, limb 4-lobed, valvate. 

Petals usually 4, twisted in Aestivation. 

Stamens epigynous, generally 4 or 8 ; 
pollen triangular (Fig. 1485). Ovary 
2-4 celled ; styles united ; stigma capi- 
tate or 4-lobed. Fruit capsular or 
baccate. Seeds exalbuminous. Chiefly 
natives of the temperate parts of America, Known 
species 450. IlL Qen. — Jussisea, Isnardia, CEno- 
thera, Godetia, Clarkia, Epilobium, Fuchsia, Lope- 
zia, CircAea, Gaura. 

1269. The plants of this order have mucila- 
ginous and astringent properties. Some yield edible 
roots and fruits. 

Epilobiom, Willow-herb (Fig. 1484). The species have an 
elongated 4-valved capsule, and comose seeds. 

Fuchsia is remarkable for its coloured calyx and succulent 
subacid fruit 

(Enothera, Evening Primrose, is so called, because many of 
the species open their flowers at night (E. biennis and 
Fig. 1484 . Qther species are cultivated on account of their edible roots. 



1270. Nat. Ord, 90. — HALORAGEACEiE, tbe Mare^s-tail order, — 
Herbs or undershrubs, often aquatic, with 
alternate, opposite, or whorled leaves, and 
small, frequently incomplete flowers. They 
may be regarded as an imperfect form of 
Onagracem, from which they are distin- 
guished by their minute calyx, and their 
solitary pendulous seeds. They are fre- 
quently apetalous, and the stamens are 
sometimes reduced to one. They are found 
in all quarters of the globe. Known spe- 
cies 70. III. Gen. — ^Hippuris, Myriophyl- 
lum, Haloragis, Trapa. 

1271. Some of the plants of the order 
yield edible seeds ; others have a fragrant odour. 

Hippuris vnigaris, common More’s-taU, has a beautlfhl necklace-like arrangement 
of cells in its stem, with large air cavities. 



Figures 1484 and 1485 illustrate the natural order Onagracea;. 

Fig. 1484. Flower of Epilobium, showing the long pod-like ovary adherent to the tube of the calyx, 
tbe epigynous petals and stamens, with the single style and papillose lobed stigma. Fig. 1465. Tri- 
angular pollen of (Buoihera, with a single pollen tube pmrtmded. 

Fig. 1486. Trapa natans, belonging to the order Halorageaoem. It is called Water-chestnnt (Mar- 
ron d*ean of tbe French). Its petioles are inflated in (»rder to float the {dant; and its seeds are edible. 
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Trtpa natttna, the Water-Chestnat (Fig. I486), furnishes edible seeds, which are 
said to have consUtuted the food of the andent Thracians. T. bicomis has a 
remarkable homed fhiit like the head of a bnll. The plant abounds in shallow 
lakes in China, and is called Ling by the Chinese, who use the seeds for food. 
The seeds of T. bispinosa are eaten in India. The species of this genns have un- 
equal cotyledons. 

1272. Nat Ord. 91. — Loasacb^, the Chili-Nettle order, — Herbs 
with rigid or stinging hairs, opposite or alternate, exstipulate leaves, 
and showy flowers. Calyx adherent, limb 4-5-parted. Petals 5 or 
10, often cucullate. Stamens oo, distinct or united in bundles. 
Ovary 1-celled, with several parietal placentas; style single. Fruit 
capsular or succulent Seeds albuminous. American plants, some of 
which receive the name of Chili-Nettles on account of the stinging pro- 
perty of their hairs. Known species 75, IlL Gen. — Mentzelia, Bar- 
tonia, Loasa, Gronovia. 

1273. Nat Ord. 92. — Cucurbitace^, the Gourd order (Figs, 1487 



1^- Fig. 1480. Fig. 1492. 


to 1493). — Succulent climbing plants, with extra-axillary tendrils (in 
place of stipules), alternate, palmately-veined, scabrous leaves, and 

Figures 1487 to 1493 illustrate the natural order Cucurbltaooai. 

Fig. 1487. Diagram of the male flower of tho Melon, shoving flve divisions of the calyx, Are im- 
bricate segments of the corolla, flve stamens with sinuous anthers, four of the stamens being united 
m pairs, and the fifth one free ; in the centre is seen the abortive ovary. Rg. 1486. Diagram of 
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Tudsexoal flowers. Calyx adherent^ limb 5-toothed (Fig. 1490) or 
obsolete. Petals 4-5, usually united, reticulated (Fig. 1489). Stamens 
generally 5, distinct or combined ; anthers long and sinuous (Fig. 1491). 

Ovary 1-celled, inferior, with 3 parietal placentas 
(Fig. 1492); stigmas thick, dilated or jfringed. 
Fruit a pepo (page 288). Seeds flat, exalbumi- 
nous; cotyledons leafy. Chiefly natives of hot 
countries; they abound in India and South 
America. Known species about 300. lU* Oen * — 
Anguria, Brycmia, Citrullus, Ecbalium,Momordica, 
Luffa, Lagenaria, Cucumis, Cucurbita, Coccinia, 
Trichosanthes, Telfairia, Feuillsea, Sicyos. 

1274. The plants of the order may be said in 
general to possess a certain degree of acridity, which 
is sometimes so marked as to give rise to drastic 
In many cases, however, as in the Melon, the 
Cucumber, the Vegetable Marrow, Gourd, Pumpkin, and Squash, the 
fruit is edible when cultivated. The seeds are usually harmless. 



Fig. I4d3. 


purgative qualities. 


Bryonia alba and B. dioica have large roots, which are powerful purgatives. Their 
young shoots are used as potherbs. 

GitroUns (Cacumis) Colocynthis, Coloquintida, or Bitter Apple (Fig. 1493), has 
a round fruit, the pulp of which is the Coloc 3 mth of the shops. It is supposed to 
be one of the plants included under the Hebrew word Pakyoth, and translated 
Wild Gourds in Scripture, 3 Kings iv. 39. 

Cucumis sativus (Fig. 869, p. 289), 3 delds the common Cucmnber. It is the Hebrew 
Kishuim (Numb. xl. 5 ; Is. i. 8). C. Melo (Fig. 822, p. 187, Fig. 827, p. 189) is 
the Common Melon, one of the plants referred to in Scripture under the name 
Abattachim. 

Cucurbita Citrullus, the Water Melon (Fig. 870, p. 289), is supposed to be one of the 
plants included under the Hebrew Abattach^, translated Melons in Scripture 
(Numb. id. 5), The juice of its friut is cool and refreshing. C. maxima, the 
Red Gourd, C. Pepo or Benincasa cerifera, the White Gourd, and C. ovifera, 
Vegetable Marrow, are used as culinary vegetables. 

Ecbalium purgans (Momordica^ Klaterium), is called Squirting Cucumber, on a<v 
count of the elastic mode in which its seeds are scattered (page 418). The fecu- 
lence deposited from the juice of the fruit constitutes the hydragogue cathartic 
called Elateriom. 

Lagenaria vulgaris, Bottle Gourd, is so called on account of the fruit being used as 
bottlei^ after the pulp and seeds have been removed. 


the flsmale flower of the Melon, showing a similar arrangement of the floral envelopes, an abortive 
circle of stamfias, and the ovary, with three parietal curved plaoentanea sending prooesses towards 
the centre. Mg, 1489. Male flower of the Melon, showing the gamosopaious hairy calyx, with a 
flve-tootbed limb, and five reticulated petals. Fig. 1490 Female flower of tho Melon, showing the 
adherent hairy calyx, with its toothed limb, and five rtsticulated imbricate petals. Fig. 1491. Stamens 
oS the Melon, with anfractuose (sinuous) anthers, and appendages projecting above the lobes. (See 
Pollen, Figs. 658, 664, pJ 234). Fig. 1492. Transverse section of the Pepo of the Melon, showing the 
three parietal placentarlee, pi, which send processes, s, from the ohoamference or back of the carpels, 
/, towards the centre. Ihe divisions between the carpels are marked, cl. Fig. 1498. GitruUas 
or Cttcamis Cdocynthis. The Colooynth plant, with its palmately.veined leaves, cirrhoso stipules 
on (me side of the Ibaf, and pulpy fruit or Pepo. 


A true Momordica has a solitary bract on the peduncle, which this plant wants. 
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Lnfik foBtida. The fhiit, when ripe^ dboM^ of entao^^ flbtoa, which an divided 
into three parietal maasea. 

Sedhiozn edule furxiiBhes the fhiit called Chodho, which ia eacnlent. 

Tel&iria pedata haa edible aeeda aa large as Chestnata, and having the flavour of 
Almonds. 

1275. Nat. Ord. 93. — ^PAPAYACBj®, the Papaw order (Fig. 1494).* 
— ^Trees or shrubs often having an acrid milky juice, with alternate, 
lobed, long-petioled leaves, and unisexual flowers. 

The plants are distinguished from Cucurbitacero 
by not climbing, and by having a &ee ovary with 
5 placentas and albuminous seeds. The natural 
order Panglacese may be included, which differs 
only in having a polypetalous corolla and scales 
attached to the throat of the female flower. Papay- 
accfe are chiefly found in South America ; Pan- 
giace® in India. Known species about 30. Ill 
Gen. — Oarica, Modecca, Pangium, Hydnocarpus. 

1276. Many of the Papaw-worts have an acrid 
milky juice, while the Pangiads are poisonous. 

Garica Papaya (Fig. 1494), the Papaw-tree, baa an edible 
fruit The juice of the unripe fruit ia said to render 
meat tender, and to act medicinally as a vermifuge. 

The leaves are used in Panama as a substitute for soap. C. digitata is reputed 
poisonous in Brazil. 

Hydnocarpus venenatu^ ia so called on account of its poisonous narcotic fruit, which 
is used in Ceylon for intoxicating flsh. 

1277. Nat. Ord, 94 . — BelvisiacbaE, the Belvisia order. — Shrubs, 
with simple, alternate, leathery, exstipulate leaves. Calyx, a thick 
coriaceous cup, with 5 segments, valvate. Corolla of 3 distinct gamo- 
petalous rings, the first being large and conspicuous, and consisting of 
5 lobes, each with 7 ribs and 7 teeth, the second being a narrow mem- 
.brane cut into sharp pointed segments, the third being an inconspicuous 
membranous cup finely cut. Stamens 20, in an erect cup-like form, 
unequally united. Disk fleshy, cup-like, covering the ovary, and 
standing as high as the stigma. Ovary 5-celled ; ovules 2 in each 
cell, suspended from an axile placenta ; style and stigma pentagonal. 
Fruit a large round berry crowned by the calyx. Seeds large and 
reniform. Natives of tropical Africa. The pulp of the fhiit is eat- 
able, and the rind contains so much tannin as to be used for making 
ink ; the wood is soft, and contains numerous dotted vessels. Bentham 
considers the order as a section of Myrtace®, while Lindley considers 
it as allied to Khizophorace®. Known species 4. III. Gen. — Aster- 
anthos, Napoleona (Belvisia). 

1278. Nat. Ord. 95 . — ^Passiflobacejb, the Passion-flower order. 

I'ig. 1494. Garica Papaya, the Papaw-treo, belonging to the natural order Papayaceee. It ta a 
South'Amerloan tree, with large lobed laarea anpported on long petioles. The fmlt is borne at the 
upper part of the stem. , 
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— Herbs or shrubs usually climbing by tendrils, mih alternate, stipu- 
late, sometimes glandular leaves* Calyx of 5 sepals, united below, 
the throat bearing 5 petals and filamentous or annular processes* Sta- 
mens 5, monadelphous, surrounding the gynophore ; anthers extrorse. 
Ovary free^ from the calyx, 1-celled ; styles 3, club-shaped. Fruit 
mostly fleshy, stalked, 1-celled, with 3 parietal polyspermous placentas. 
Seeds albuminous, arillate. They are common in tropical America* 
Known species 210. Ill Gen, — ^Paropsia, Passiflora, Tacsonia. 

1279. Astringent and narcotic qualities appear to prevail in the 
order. Many of the species, however, produce edible friiits. 

Paropsia ednlis, a Madagascar plant, has an eatable fruit 

Fassidora, Passion-flower, so called from a fancied resemblance in the parts of the 
flowers to the appearances presented on Calvary at the Crucifixion. P. quad- 
rangularis produces the large Granadilla, a weU-known West Indian fruit. 
Other species of Passiflora, such as P. maliformis, P. edulis, and P. laurifolia, 
also famish fruit which is used as a dessert The roots of P. qnadrangularis, and 
the flowers of P. rubra are narcotic, while the leaves of P. laurifolia are bitter 
and anthelmintic. 

Tacsonia moUissima, and T. tripartita, have edible fruits. 

Some include the genera Malesherbia and Gynopleura in this order. By- Lindl^ 
they are placed in a separate order, Malesherbiaceie, Crownworts, diflTering from 
Passionworts in their non-climbing habit, in the want of stipules and aril, and 
in the styles arising from the back of the ovary. There are four species which 
are natives of Chili and Peru. 

1280. Nat. Ord. 96. — TuENEBACBi®, the Turnera order. — Herbs, 
sometimes shrubby plants, having a Cistus-like habit, with alternate, 
exstipulate, pubescent leaves. Calyx 5-lobed, bearing 5 petals and 5 
stamens. Ovary free, 1-celled, with 3 parietal placentas and 3 styles 
which are often forked or multifid at the apex. Fruit a 3-valved cap- 
sule. Seeds albuminous, strophiolate at one side. The plants have 
astringent, tonic, and occasionally aromatic qualities, and are natives 
of South America and the West Indies. Known species 60. HI, Gen, 
— Turnera, Piriqueta. 

1281. Nat. Ord. 97 . — Portulacaceas, the Purslane order. — Succu- 

lent herbs or shrubs, with alternate or opposite, entire, exsti- 
pnlate leaves. Calyx of 2 coherent sepals. Petals 5. Sta- 
mens variable in number, sometimes opposite the petals ; 
anthers versatile. Ovary 1 -celled, formed of 3 united car- 
pels. Fruit capsular, usually dehiscent by valves or by a 
1495). Seeds numerous, albuminous, attached to 
a central placenta ; embryo peripherical. This order has 
Pig. 1496 . the stamens sometimes hypogynous, and it has been placed 
near Caryophyllaceae by some authors. The plants are 
found in dry places, in various parts of the world, more particu- 
larly in South America and at the Cape of Gnod Hope. Known 

Fig. 1496. S6ed-T«Mel of Fortulaoa, PorslBiie, opening by a lid. Seeds attached to a central 
plaeenta. 
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species 190. lU. Oen. — Portolaca, Grahaiaia, Talintun, Galaudiinia, 
Claytonia, Montia. 

1282. Esculent and antiscorbutic qualities prevail in the order. 
Some have showy flowers, which are ephemeral, 

ClaTtonia taberosa has a taberons root| which ia eaten in Siberia. C. perfoliata is 
Hied as afpotherb in hTorth America. 

Portulaca oleracea, common Purslane, has been long celebrated as an esculent vege- 
table. It has antisoorbutio qualities. 

1283. Nat. Ord. 98. — ^Illecebrace^ or Paeoktchiaceje, the 
Knotwort order. — ^Herbaceous or suflruticose plants, with opposite or 
alternate, often clustered, sessile, entire, stipulate leaves, and minute 
flowers. Sepals 3-5, distinct or cohering. Petals small, sometimes 0. 
Stamens opposite the sepals, if equal to them in number. Ovary 
superior; styles 2-5. Fruit dry, 1-3-celled, indehiscent or opening 
by 3 valves. Seeds either numerous and attached to a free axile pla- 
centa, or solitary and pendulous from a cord attached to a basal pla- 
centa. Seeds dbuminous ; embryo curved. This order is by some 
placed near Caryophyllacese, from which it differs in the presence of 
scarious stipules and in its perigynous stamens. The plants are natives 
chiefly of barren places in the South of Europe and north of Africa, and 
their properties are astringent. In this order some include Scleranthus, 
Basella, Melloca, and a few allied genera, embracing in all 26 species. 
These differ, however, from Knotworts in the absence of petals and 
stipulea Lindley looks upon them as allied to Chenopodiaceee, and 
places them in distinct orders, Scleranthaccse and Basellaceee. The 
known species of Knotworts are about 100. IlL Gen. — Corrigiola, 
Hemiaria, Illecebrum, Loefflingia, Paronychia, Polycarpon, Spergula, 
Spergularia. 

1284. Nat. Ord. 99. — CRAssuLACEiE, the Stonecrop order (Pigs. 
1496-1499). — Succulent herbs or shrubs, with exstipulate leaves and 
cymose, often secund flowers (Fig. 1497). Sepals 3-20, more or less 
combined. Petals 3*20, separate or united. Stamen^ equal hi num- 
ber to the petals, or twice as many. Carpels 1 -celled, of the same 
number as the petals, having hypogynous scales at their base (Fig. 
1499, and Pig. 678, p. 240). Pmit follicular. Seeds numerous, 
albuminous. Natives of dry places in all parts of the world. Known 
species 450, III. Gen. — Tillsea, Crassula, Bryophyllum, Cotyledon, 
Echeveria, Sedum, Sempervivum, Penthorum. 

1285. Acridity prevails in many plants of this order. Some species 
are refrigerant, others astringent. 

BryophyUom calydnum (Fig. 334, p. 141), has a gamopetaloua ooroUa, and pro- 
duces marginal buds on its leaves. 

Sedum Telephium has been employed in diarrheea as an astringent. 8. acre* 
Biting Stonecrop (Fig. 1497), possesses acridity, and has emetic and purgative 
properties. 

Sempervivum tectomm, Houseleek, constantly bears ovules instead of pollen. It 
contains malate of lime, and is reputed a cooling remedy. 
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tJndor this order some iiudode the Chilian genen^ BVsncoa and ikilla, containing five 
spedes. Others place them in a distinct order, Francoacea, differing from the 
Stonecrop order in the absence of scales, in (heir consolidated ovary, and in their 
minute embryo in the base of much albumen. 



Fig-. 1499. Fig. 1488. Fig. 1497. 


1286. Nat, Ord. 100. — MESEMBRYANTHEMACEiE or FiCOlDEiE, 
the Fig-Marigold order (Figs. 1500 to 1502). — Succulent shrubs or 
herbs, with opposite simple leaves and often showy flowers. Sepals 
4-8, more or less united. Petals and stamens oo. Capsule usually 
many-celled, opening in a stellate manner (Figs. 1501 and 1502) ; 
placenta central or parietal. Seeds numerous, albuminous ; embryo 
curved* or spiral. Natives of the hot sandy plains of the Cape of 
Good Hope; a few also are found in Europe, South America, and 
China. Known species 375. HI, Gfen, — Mesembryanthomum, Glinus, 
Orygia, Lewisia. 

1287. Some of the plants are esculent, others furnish alkaline 
matter, while a few are diuretic. 

LewiaU rediviva has great powers of vitality. Its root is farinaceous, and is used as 
food in Oregon. 

Mesembryanthemum crystallinum is called the Ice-plant, on account of the watery 
vesicles on its suifrice. It is burned along with other species to furnish soda. 
The wateiy fluid on the leaves of the Ice-plant, according to Voelcker, consists 


Figures 1496 to 1499 Hhutrate the natural order Crassulaceae. 

Fig. 14^. Diagram of Sedum, Stonecrop, ibowing five sep^s, five petals, ten stamens in two rows, 
and fire carpels with bypogjnons scales. Fig. 1^. Sedum acre. Biting Stonecrop, with its seciiud 
jellowilowen in a racemose cjrme. Fig. 1498. Flower of Sedum acre, showing five petals, ten stamens 
in two TerticUs, and five car]^ forming the pistil. Fig 1499. Fruit of Sedum acre, consisting of 
five follicles with glands at their base. See also Fig. 678, p. 240. 
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of organic matter (albumen, xnAUc add, &o.), chloride of Sodium, Potash, Mag- 
nesia, and Sulphuric Acid. K. Tripolium shows well the stellate capsule open- 
ing, when mdsture is applied (Pig. 1601). M. edule, called HottentotVFig, has 
esculent leaves. Other species are used as potbeibe. 



Fijj. 1601. tig. 1500. Fig. 1502. 


1288. Nat. Ord. 101. — Tetragoniaceje, the Tetragonia order. — 
Succulent plants nearly allied to Fig-Marigolds, hut differing in the 
want of petals and in having definite stamens. The fruit is either an 
indehiscent nut or a pyxidium. They are found in the South Sea 
Islands, the Mediterranean, and the Cape of Good Hope. Many of 
them are saline, others are esculent. Tetragonia expansa is Used as 
Spinage in New Zealand. Known species 65. IlL Oen» — Tetragonia, 
Aizoon, Sesuvium. 

1289. Nat. Ord. 102. — CACTACEiE, the Cactus order (Figs, 1503 to 
1508). — Succulent often spiny herbs, with remarkable stems, which are 
angular, two-edged, or leafy, and have their woody matter often 
arranged in a wedge-like manner. Calyx of numerous sepals com- 
bined and epig 3 nious. Petals indefinite. Stamens oo, with long fila- 
ments. Ovary 1-celled, with parietal placentas ; style single ,• stigmas 


Flguroi 1500 to 1502 illustrate the natural order Mc<>einbryanthemareffi. 

Fig. 1600.' Mesembryanthemum IWlcifoniie, one of the Fig-Mangolds, with its fleshy sehuitor-like 
leaves, and numerous petals, which expand and close under the influence of light and darkness. Fig. 
IBOl, Seed-vessel of Mesembryanthemum Tripolium f a, seed-vessel closed, 6, seed-vessel opened in 
a stellate manner under the influence of moisture. Fig. 1502. Elpe capsule of Mesembryanthemum. 
The carpels sepamtiug and spreading out in a stellate manner. 


820 


CAmCB-E. 


BeTeral> Fruit baccate. Seeds exalbuminous. Natives of America. 



Fif. 1500. Fig. 1508. Fig. 1606. 


Species about 800. HI Oen, — ^Melocactus, Mammillaria, Echinocac- 
tus, Cereus, Polocereus, Epiphyllum, Rbipsalis, Opuntia, Pereskia. 

Flgorei 1606 to 1606 UlTutntethe natural order Caetactte. 

Fig. 1608. Optmtia Tulgaria, Fridcly Fear, or Indian Fig, with ita luecnlent jointed item and itel- 
late ipinei. Fig. 160i. Mekxsactna, the Melon Cactus, with Its rounded and angular stem. Fig 
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1290. The fruit of many of the Indian Figs is subadd and refresh- 
ing. In some instances, it is sweetish and insipid. The stems of 
some of the species are eaten by cattle. The plants of the Cactus 
tribe present remarkable stems; sometimes spherical (Fig. 1504), 
sometimes articulated or jointed (Figs. 1503 and 1505), and some- 
times assuming the form of a tall upright polygonal column. From 
their succulent nature, the plants thrive in hot and dry situations. 
To some of the plants the name of “ vegetable fountains in the desert” 
has been applied. Some attain the size of trees, being 32 feet high 
and 3 feet in circumference. 

Cereus grandifloros is a night-floweriQg plaiit> so is also C. nycticaliiB and some 
other species (pp. 582 and 546). 

Echinocactus. Some of the species attain an enormons 8 i 26 . E. Yisnaga or platy- 
ceras, at Kew, measured 9 feet in height, 9^ in circnmference» and weighed a ton. 
The number of spines and bristles was reckoned at 51,000. On the top of the 
plant a woolly matter is produced called Muff Cactus. Seemann counted 8360 
spines on E. WislazeniL 

Melocaotus, the Melon Cactus (Fig. 1504). In the dry plains of South America 
the animals suffering from thirst seek the Melon Cactus, and after tearing off its 
formidable spines, refresh themselves with its abundant juice. 

Opuntia cochinellifera, the Nopal plant (Fig. 1505), affords nourishment to the Coccus 
Cacti or Cochineal insect in Mexico and Peru. The female insect is gathered 
just before the laying of the eggs. Some years ago Humboldt estimated the 
value of Cochineal exported annually from South America at £500,000. Britain 
consumed £275,000 worth. O. vulgaris, the common Prickly Pear (Fig. 1508), 
is so called from the spiny nature of its p 3 rriform fruit. The fruit of 0. Tuna 
forms a carmine pigment. 

Poreskia aculeata supplies an edible fruit, sometimes called Barbadoes Goosebeny. 

Polocereus senilis, Old-Man Cactus, is so called from resembling a grey head in ap- 
pearance. In Kew it attained a height of 14-16 feet, and had 72,000 spines. 

1291. Nat. Ord. 103. — Grossulariace.®, the Gooseberry order 
(Figs. 1509 to 1511). — Shrubs which are either spiny or prickly 
(Fig. 1509) or unarmed, with alternate palmately-lobed leaves (Fig. 
1510) without true stipules. Calyx-tube adherent to the ovary, limb 
4-5-lobed, sometimes coloured. Petals small, 5. Stamens 5. Ovary 
1 -celled, with 2 parietal placentas ; styles more or less united. Fruit 
a berry (Fig. 777, p. 267), crowned with the remains of the flower, 
with two parietal placentas (Fig. 1511). Seeds numerous, albuminous ; 
embryo minute. Natives of the temperate regions of Europe, Asia, 
and America. Species about 100. III. Gen. — Ribes, Polyosma. 

1292. Wholesome plants, furnishing often edible fruits, containing 
malic and other organic acids. 

Hibes Grossularia, the G^seberry; R. nigrum, the Black Currant; R. rubmm, the 


1606. Opuntia cochinellifera, the Cochineal or Nopal Caetnt, with the male Coccni. The female iniect 
dried eonstitutea the Coddueal. The plantationi of this Cactni are called Nopaleries. Fig. 1606. 
IMagraxa of the flower of Opuntia, fhowing nnmerona tepali and petals, which pass inaeitfiUy into 
each other, indefinite etamena (often 800 or 400), and a one-eelled orary fanned of aereral earpela, with 
parietal placentae. Fig. 1607. Sectton of the flower of C^nntia, ahowing the floral enrelopea, the epigy- 
none atamens attached to the upper part of the ealydne tnbe, the orary and style. Fig. 1608. Oraiy, 
style, and stigma of Cerena graudifloma. 
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Red Cornmtyftimish valuable fruits. B. sattgoinenin, R« friehsioides, and other 
spedest, are garden shrubs. 



Fig. 1600. Fig. 1511. Fig. 1510. 


1293. Nat. Ord. 104. — Escalloniace.®, the Escallonia order. — 
Evergreen elirubs, often odoriferous, witli alternate exstipulate leaves, 
allied to the last order, and differing from it in their capsular bicar- 
pellary fruit, epigynous disk, axile placentas, and oily albumen. By 
some they are placed among Saxifrages, from which they differ in their 
simple style and oily albumen. Natives chiefly of South America. 
Escallonias attain a high elevation on the mountains. Species 60. 
Ill, Oen, — Escallonia, Itea. 

1294. Nat, Ord. 105. — Saxifragace®, the Saxifrage order (Figs. 
1512 to 1514). — Herbs with alternate leaves (Fig. 1512), Calyx of 
4-5 more or less cohering sepals. Petals 5 or 0. Stamens 5-10. 
Ovary more or less completely inferior, consisting of 2 carpels which 
diverge at the apex (Fig. 1514). Fruit a 1 or 2-celled capsule. 
Seeds numerous; embryo straight in fleshy albumen. Natives of 
northern alpine districts. Some extend very high; thus Saxifraga 
Boussingaulti reaches to nearly 16,000 feet on Chimborazo. Some 
grow on rocks, old walls, in woods, or near streams. They have gene- 
rally casspitose leaves and glandular stems, and their flowers are 
usually white, sometimes yellow or red. Saxifraga aizoides adorns 
the Highland streams with its rich yellow blossoms ; and S, oppositi- 
folia, with its red flowers, forms a rich covering of the mountain rocks 
in early summer. Their properties are astringent. Heuchera americana 
is called alum-root on account of its astringency. Species 310. Ill, Oen, 
— Saxifraga, Chrysosplenium, Heuchera, Mitella, Tiarella, Astilbe. 

Figniva 1609 to 1511 illustrate the natural order Grossulariaceeo. 

Fig. 1600. Branch of Kibes Grossularia. Gooseberry, showing the spines produced from the pulrinus 
or cnidiioD, c, close to the scars of the leaves, //, from the axil of whieh buds are product. Fig. 
1610. Cluster of flowers of Kibes mbrum, Bod Currant, with a palmate leaf at the base. Fig. 1611. 
Baccate fruit of Riboa Grotsularia, showing seeds attached to two parietal placentas, and immersed in 
pulp secreted by the endocarp. 
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Fig. 1618 lig. 1612. Fig 1514 

1295. Nat. Ord. 106. — Hydeangeace.®, the Hydrangea order. 
— Shrubs with simple exstipulate leaves, often considered as a sub -order 
of SaxiftagacesB, but differing in their opposite leaves, their tendency 
to form abortive radiant flowers, and in the carpels being often more 
than two. Natives of the temperate regions of Asia and America. 
Hydrangeas ftom China and Japan are commonly cultivated. Some 
of the species are used instead of Tea. Species 45. III. Gen . — 
Hydrangea, Adamia, Bauera. 

1296. Nat. Ord. 107. — CuNONiACEiB, the Cunonia order. — Trees 
or shrubs allied to Saxifragacese, and differing in their shrubby 
growth, opposite leaves, and interpetiolar stipules. The latter char- 
acter separates them from Hydrangeas, which are exetipulate. Na- 
tives of the Cape of Good Hope, South America, the East Indies, 
and Australia. Their properties are astringent. Species 100. HI. 
Gen. — ^Weinmannia, Cunonia, Belangera. 

1297. Nat. Ord. 108. — Brttniage.®, the Brunia order. — ^Heath- 
like shrubs, with small, rig^d, entire leaves. Calyx usually superior, 
5-cleft. Petals and stamens 5^ anthers extrorse. Ovary 1-3-celled, 
with 1-2 suspended ovules in each cell ; style simple or bifid. Fruit 
either dehiscent and 2-celled, or indehiscent and 1 -celled. Seeds 
solitary or in pairs; embryo minute, in fleshy albumen. Natives 
chiefly of the Cape of Good Hope. Species 65. HI. Brunia, 
Staavia, Grubbia, Ophiria. 

Flfforei 1519 to 1514 illoBtrate the nattuel order Saxifiragacen. 

Pig. 1619. Sasfimga tndtetylitea« Bae-lea?ed Saxifrage, with wedge*afaaped, tnftd learea, and 
in a raoemose cyme. Rg. 15ia Diagram of the flower of Samfraga tridactyliiea, with 6 
wTitioiia of the calyx, 6 petali, 10 atameiia m 9 rowi, and a bioarpellaiy piatll with nimieioiia ovnlea. 
Wg. UU Carpel of Saxifrage, ent rertioally, diewing the adherent calyx, the beak of the carpel or 
•tyle and attgma, and the mnlei attacked to the plaeenta 
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1998. Nat Ord. 109. — ^Hamahelidacibjb, tlte Witofa^Haasd order. 
— ^Treeg or Arabs, wiA alternate, feather- veined leaves, having ded- 
dnoos stipules. Calyx 4-5-divided. Petals 4, 5, or 0. Stamens 8 ; 
anthers introrse. Ovary 2-oelled, inferior ; ovdes solitary or several ; 
styles 2. Fruit a 2-valved loculicidal capsule. Seeds pendulous, 
albuminous. Natives of North America, Asia, and Africa. Rhodo- 
leia Championi is a showy plant, with red involucral leaves, found in 
China. Hamamelis virginica fiirnishes edible oily seeds. III. Cfen, 
— ^Hamamelis, Fothergilla, Sedgwickia, Rhodoleia.* 

1299, Nat. Ord. 110, — UMBELLiFBRiE or AriACEiB, the Umbelli- 



Fig. 1510. ^ rtg. 1517. 


ferous order (Figs. 1515 to 1519). — Herbs with solid or hollow stems, 

Fignrei 1616 to 1619 iUnstrate the natural order Umbelhferee. 

rig. 1616. Coviandnun sattvtun, the Coriander plant, with ita compound leares, theathing peti(d«i, 
and flowan in compound nmbeti. It u the Gad of Scripture (Ezod. xvi. 31 ; Nam. xi. 7). Fig. 1616 
Diagram of the flower of FoDHicnlnm mlgare, common Fennel. The calyx limb la obsolete; there are 
5 petals, 5 sltematli^ stamens, and a cremoearp insisting of two achenea or menearps united by 

* Gardner ghrea a new deflaition of the natural order HanuaneUdaees in Hook. Jour. Nor. 1858. 
Ha inoludea~l. Altingiem, eempriilng liipiidambar, Sedgwickia. and Bndclandia. 9. Hsmamdem, 
oompihdng Fothergdla, Helwingia, Hamamelbi, fcc. 8. Brantem, eonprtsiog Brunia, Ac. 






alternate leavee generalljr and ahaathiag at tlw baae^ and 

umbellate, invaliiemte flowere (Fig. 1515). Calyx adberent to the 
bioatpellary o^ary, limb d-toothed or obsolete. Petals 5, inflexed at 
the point, often unequal, the outer ones being radiant. Stamens 5, 
alternate with the petals, and inserted with them on the outside of m 
epigynous disk or stylopod (Fig. 1517). Styles 2. Fruit a premo- 
carp (diaohmnium), the 2 carpels or mericarps separating when ripe by 
their inner &ceB or commissure, and being suspended by a forked carpo- 
phore (Fig. 1519) ; the carpels marked with ribs or ridges called juga 
and intervening spaces called valleculm, and often containing vittm 
(Figs. 1516 and 1518). Seed solitary, pendulous j embryo minute, in 
the base of horny albumen. The Sections formed from the nature of 
the albumen, whether flat or curved, are not now adopted, inasmuch 
as they are found to be imsatisfactory. In the genera, the ridges on 
the fruit, the presence or absence of vittie, and the form of the albu- 
men, are taken into account. The umbels are sometimes reduced to a 
sort of head by the absence of peduncles. Natives of the northern 
parts of the northern hemisphere, and found high on the mountains of 
the tropics. Species 1520. IlL Hydrocotyle, Mulinum, Sani- 
cula, Erynginm, Cicuta, Apium, Pimpinella, Bupleurum, iEJthusa, 
Crithmum, Pachypleurum, Angelica, Fenila, Feucedanum, Heracleum, 
Siler, Cuminum, Thapsia, Daucus, Elaeoselinum, CaucaHs, Scandix, 
Smymium, Coriandnim. 

1300. The properties of Umbelliferous plants are various. Some 
are harmless and esculent, such as the Carrot and Parsnip ; others are 
acro-narcotic poisons, as Hemlock; a third set are antispasmodic, 
owing to the presence of a gum resin containing a fetid sulphur oil, 
such as Assafoetida ; while a fourth set are carminative from contain- 
ing a volatile oil, as Caraway and Coriander. 


1. Harmless Umbkllifbbjb, used as esculents. 

Anthriscua Cere^lium, Chervil, 

Apium graveolens, Celery. 


Arracacha esculeuta, Arracacha. 

Buuium flexuosum, Earth-nut. 

Carom Bolbocastanum, Pig-nut 
Crithmum maritimum, Samphire. 

Daucus Carota, Carrot (Fig. 877, p. 168), 
Eryng^um campe8ti:4, Eryngo root 
Ei^gium feetidum, Culantra of Panama. 


Fceniculum vulgar^ Fennel (Figs. 1616 
and 1617). 

Haloscias (Ligusticum) scoticom, Scottish 
Lovage. 

Pastinaca aativa, Parsnip. 

Petrosclinum sativum, Parsley. 

Praagos pabularia, Fodder, in Tartary. 
Siam Sisarum, Skirret 
Smyrnium Olusatrum, Alexanders. 


their facei, with 6 primary ridges or juga, and valleculm between them. There are 4 rittas on each side 
marked by dots between the ridges, and 2 on eaoh side of the commissure. The albnmcn is solid, not 
furrowed or involute at the suture. Fig, 1617, Flower of Fennel cut vertically, ihowiog the obsolete 
calyx limb, the inflected petals and the stamens outside the stylopod or epigj'uons disk, 2 short styles, 
2 sohenes,/, with a single pendulous ovule in each. Hg. 1618. Transverse section of cremocarp or 
iinait of An^ea, showing the 2 hemicarps or achenes forming it. There are 5 ridges on each acbeae, 
and the twb lateral ones expand into long wings. The albnmen is solid. Fig. 1619. The fruit of 
Fennel, separating into 3 achenes wiipended by the split carpophore. Styles stylopod, sad the 
ridges of the fruit are seen. 
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Poisonous Umbblufbbji^ containing acrid and navootio {nindples. 

^Bthnaa Cynaplam, Fool’a Parsley (Fig. 879, p. 159), aaid to hava prodaoed narcotic 
symptoms, when taken by mistake for Parsley. It has a fteflexed involnoel. 

C^ta Tirosa, Water Hemlock or Cowbane, an aqnatio plant with large air-cells at 
the lower part of the stem. The roots of C. maculate hawe caused fktal poison- 
ous efihots in America. 

Gonlnm maculatnm, Hemlocki used medicinally as an anodyne, contains a very 
active volatile oleaginous alkali called Conia, which causes death by paralysing 
the musdes of respiration. 

CBnanthe Crocata, Hemlock-Dropwort or Dead-tongue, a reputed poison, but, like 
many other Umbellifers, not found by Christison to be poisonous in AU circum- 
stances. Much depends apparently on the locality. <£. Phellandrium, Fine- 
leaved Water-Dropwort, another species said to be poisonous. 

8. Gum-besinous UMBELUFBRiB, often having a fetid odonr. 

Dorema Ammoniacum, or Disemeston gummifemm, a Persian plant, yields gum 
Ammoniac. 

Femla persica probably supplies a kind of Assafoetida. Another species seems to be 
the source of Sagapenum. F. orientalis yields a fetid resin in Morocco. The 
roots of some species of Ferula are farinaceous and esculent. 

Narthex Assafoetida, a plant found in Persia and Afghanistan, fhmisbes the true 
Assafoetida. It has leaves resembling the Pieony, and its vittae form a sort of 
network on the surface of the fruit. 

Opoidia galbanifera and Galbanum offidnale, have each been thought to yidd Gal- 
banum, mentioned in Scripture under the name Chelbenah (Exod. xxx. 84). It 
seems to be the Chalbane and Metopion of Dioscorides. Its source, however, is 
not determined. 

Opoponaz Chironnm, or Pastinaca Opoponax, produces the gum-resin called Opo- 
ponax. 

4. Aromatic and Carminative Umbelufer^ containing volatile oil. 

Arohangelica officinalis, Angelica. The root and fruit are aromatic and stimaUnt. 
The tender shoots are made into an aromatic sweetmeat. 

Anethnm graveolens, Dill (Fig. 876, p. 158), the Greek Anethon, translated Anise in 
Scripture (Matt xxiii. 28). 

Carum Carui, Caraway, the achenes of whidi are sold under the name of Caraway 
seeds. 

Coriandrom sativum, Coriander (Fig. 1615), the Hebrew Gad. Tha achenes or meri- 
carps are sold as Coriander seeds. 

Cuminum Cyminum, Cummin (Fig. 347, p. 148), the Hebrew Cummin or BUunmon 
(Is. xxviil 25, 27 ), the Greek Kuminon (Matt, xxiii. 28). 

Dancns Caroto, Carrot. The achenes are aromatic^ and are said to be diuretic. The 
boiled root is often used to make poultices. 

Foenioolum vulgare or F. dulce, common Fennel, and F. panmprinm in India. 

Levisticum offidnale, Lovage, yields a gum resin resembling Opoponax. The ache- 
nes are used to make an aromatic liqueur. 

Pimpinella Anisum, Anise, a different plant from the Anise of onr version of the 
BibH which is reaUy Dill. 

1301. Nat. Ord. 111. — ^Abaliace.®, or Hbdbeace as, the Ivy order 
(Fig. 1520). — Trees, shrubs, or herbs with the habit of Umbellifer®, 
fix)m which they differ in having the ovary composed of more than 
2 carpels which do not separate in fruit, but become dmpaceons or 
baccate, and in having fleshy in place of homy albumen, l^hey are 
found in tropical and sub-tropical regions. Species about IflO. TU, 
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aen.^Tuiax, Ardia, Hedera, Adoxa, Gunneia, and perhaps Hel- 
The properties of the order are aromatic, stimulant, and 

tonic. 

Adoxa MoewhateUtaa, tubewwtt Moschatell, has its stamens spUt so that each half 

Aralia racemosa and other species yield an aromatic gum-red^ % 

oaUed WUd Sarsaparilla in North America. A. papyrifera, Bol^stog of 
Ch^ found in thnSImd of Formosa, is the plant which suppUes the Chinese 

CasimirJa Snlis, Zapote bianco, yields an edible in Me^co. 

Gunneia scabra has astringent roots which are used ftir tanning. 

Hedera Hdix, common Ivy (Fig. 

1520, and Rg. 124, p. 58). Its 
black berries are emetic and 
purgative. 

Helwingia rusdiblia, a J apan escu- 
lent, is referred to this order by 
Dr. Hooker. Lindley places it 
in a separate unisexual order, 

Helwingiacea^ in his Garzyal 
alliance. 

Panax Schinseng is the Asiatic 
Ginseng'* root, extravagantly 
prized by the Chinese as a 
stimulant and restorative. P. 
quinquefolium, exported to 
them firom America, is also 
used. 

1303. Nat. Ord. 112.— 

CoRNACE.®, the Cornel order. 

— Chiefly trees or shrubs, with 
leaves almost always opposite 
and exstipulate ; flowers in 
cymes or in involucrate heads. 

Cal 3 nt adhereht, limb 4-tooth- 
ed. Petals 4, valvate in wsti- 
vation. Stamens 4, alternate 
with the petals. Styles united 
into one. Ovary 2-celled ; 
ovules solitary, pendulous. Fruit a 2-celled drupe. Embryo in fleshy 
albumen. Natives of the temperate regions of Europe, Asia, and 
America. Species 40. HI, Gen, — Benthamia, Comus, Aucuha. 

1304. The plants of this order have tonic and febrifugal proper- 
ties. Some are astringent. 

Aucuba japonlca is a commonly cultivated Japan shrub, remarkable for its varie- 
gated leaves (p. 491). 

Cornns^ Dogwood The bark of various species, as C. florida, C. serioea, and C. oir- 

Pig. loao. Hedera Helix, Ivy, lUustratmg the natural order Araliacc®, It ii the Kiisos of the 
Apoery^ (S Maeoahees vi. 7). 
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dtiAta, Kte wkA at tabttitatea for Gisdkoiia in Unitod l^attt. 0. mutmhf, 
tba ComeUan Cherry, has an austere fruit C. tnedea of the Seotti^ Higblaada 
is tonic* 


2* MONOPETALffi OB GAMOPETALiE. 

1305. Nat. Ord. 113. — ^LoRANTHACEiR, the Mlstleto order (Fig. 
152l)«— Parasitic shrubs with articulated branchesi opposite, exsti- 

pulate fleshy leaves, and hermaphr^te or uni- 
sexual flowers. Calyx tube adherent to the ovary, 
bracteated. Corolla of 4-8 united petals. Sta- 
mens 4-8, opposite the petals. Ovary 1-celled; 
ovule solitary, pendulous. Fruit inferior, succu- 
lent. Albumen fleshy. In place of one order, 
Miers makes two, Loranthacen and Yiscacese. 
Loranthus, which is the type of the first, has 
showy dichlamydeons hermaphrodite flowers, 
lengthened stamens, and an ovary containing 
a solitary suspended ovule; while Viscum, the 
type of the second, has small, monochlamydeous. 
Fig. 1521 . dioecious flowers, with nearly sessile stamens, and 
an ovary containing 3 ovules attached to a free 
central placenta, one of the ovules only being perfected in the baccate 
fruit. Viscacese is placed near Santalacem. Natives chiefly of the 
equinoctial regions of Asia and America; a few are European and 
African, Known species 412. Ill, Oen, — Myzodendron, Viscum, 
Loranthus, Nuytsia, 

1306. Astringent properties prevail in the order. The plants are 
truly parasitic, and they have often a peculiar woody structure with 
scalariform vessels. Occasionally 2 or 3 embryos are produced in the 
seed. 

Loranthus. The species have very showy flowers. T. tetrandrus 3 rield 8 a black 
dye in South America. 

Myzodendron has long feathery seminal processes, which enable the seeds to float 
in the air, and afterwards aid in holding them on the branches of other plants 
until the radicle protrudes. The wood is deposited in concentric circles, sepa- 
rated by a broad zone of parenchyma, with large medullary rays. There ia a 
great amount of scalariform tissue (Flor. Antarct. i. ^8). 

Nuytsia floribunda, an Australian plant, has bright orange-colonred flowers, and 
has been called the Hre-tree. 

Viscum album, the MisUeto (Fig. 1521), produces a viscid matter In its fruit, which 
is used for bird-lime. This substance causes the seed of the plant to adhere to 
the Oak, Apple, or other trees on which it grows. Spirals arc found in the part 
of the viscid matter next to the seed. The Druids performed peouliar oeremouies 
in taking this sacred plant from the Oak. 

1307. Nat. Ord. 114. — Capbifoliace^, the HoneyBUckle order 
(Figs. 1522 and 1523). — Shrubs or herbs, often twining, with oppo- 



llg. 1521. Viioum album, the Mistlcto, a parasitic plant, Illustrating the natural order Loran- 
thaoeor. By some It is placed In a Monochlamydeous order esUod Viscaoem. 
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Fig. 1633. 





site, exstipulate leaves (Fig. 1522). Calyx adherent to the ovary, 

limb 4-5*cleft, nsoally 
bracteated. Corolla re- 
gular or irregular. Sta- 
mens 4-5, alternate with 
thecorolline lobes. Ovary 
3-5-celled; stigmas 3-5 
(Fig. 1523). iSniit usu- 
ally a berry, 1 or many- 
celled, crowned by the ^ 

calyx-lobes. Albumen flediy. Natives 
chiefly of the northern parts of Europe, 
Asia, and America. Known species 220. 
Ill, Oen, — Linnaea, Abelia, Symphoricar- 
pus, Leycesteria, Oaprifolium, Lonicera, 
Viburnum, Sambucus, 

1308. Some of the plants are astringent, others have emetic and 
purgative properties. Many have showy and fragrant flowers. 


Linnasa borealis, two-flovreied Linnesa, is a plant of northern dimataa, named after 
Unnaeas. The leaves in Sweden are used as a diaphoretic. 

Lonicera Peridymenmn, common Honeysnckle or Woodbine, possesses emetic and 
purgative qualities. L. Gaprifolinm (Fig. 1522) has well-marked connate leaves. 

Sambneus nigra, common Elder (Fig. 1623 and Fig. 896, p. 166). Its flowers yield 
a volatile oil, and the berries are used in making a kind of wine. Its leaves and 
inner bark have purgative qualities. The tree has been generally distributed 
over the globe. It accommodates itself to the piercing cold of Lower Canada 
and to the sultiy sun of Trinidad and Barbadoes. 

Symphoricarpus racemosns, a common gardoi shrubs has a white fruit which reodves 
the name of Snowberries. 

Viburnum Opulus, Gueldres Rose, is smd to be emetic and cathartic. The ixmer 
bark of Y. Lantana is acrid. 


1309. Nat. Ord, 115. — Cinchonacb.®, the Cinchona order (Figs. 
1524 to 1527). — Trees, shrubs, or herbs with simple opposite leaves, 
interpetiolar glandular stipules (p. 46), and cymose inflorescence (Fig. 
1524). Calyx adherent, entire, or toothed. Corolla regular. Sta- 
mens attached to the corolla. Ovary 2-celled ; style 1. Fruit inferior, 
separating into 2 cocci, or indehiscent and dry, or succulent (Fig. 1526). 
Seeds definite and erect or ascending^ or indefinite and attached to a 
central placenta ; eihbryo small, in homy albumen. Chiefly found in 
tropical regions. Known species 2500. Ill, Oen, — Opercularia, 
Anthospermum, Spennacoce, Cephaelis, Psychotria, Coflfea, Ixora, 
Mitchella, Guettarda, Hamelia, Isertia, Hedyotis, Oldenlandia, Fentas, 
Portlandia, Cinchona, Exostemma, Nauclea, Gardenia, Mussaenda. 

1310. This extensive order furnishes many important products. 
The plants have tonic, stimulant, febrifugal, emetic, and purgative 


Figures 1582 and 1628 lUustrste the natural order CHprifoliaoeas. 

Mg. 1682. Lonicera CaprUbUom, perfoliate Honejvucklo, with its upper eonnate leaves and 
cymose dusters of flowers, Kg. 1623. Pistil of Sambucus nigra, oommon Elder, with the every 
partially adherent to the tube of the calyx, which has a flve-lobed limb. Three stigiMi at the earn- 
mlt of the ovary. 
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|»operd6s. Some species are said to have intoxicating and even poison- 
ous qualities. Many of the plants of the order have flowers remarkable 
for their beauty and odour. 


rtg. 1624. 


1*1g. 1625. 


Fig. 1628. 






Rjr. 1627, i. 


Cephaelis Ipecacuanha (Fig. 1525), haa an annnlated root (Fig. 188, p. 57), Yrhich is 
the Ipecacuan of the Pharmacopoeias. It is emetic and diaphoretic^ and con- 
tains a principle called Emetine. 

Cephalanthust on account of its remarkable capitulate clusters of Sowers, has re- 
ceived the name of Button-Bush. 

Chiococca densifblia, Gahinca Root, and 0. anguifuga, are reputed in Brazil as effica- 
cious in snake bites, and powerfhlly emeto-cathartic. 

Cinchona (Fig. 1524) is the genus which famishes the species of Peruvian-bark trees. 
Th^ contain three important alkalies, Quinine, Quinidine, and Cinchonine, com- 
bined with Kinic acid, and a peculiar variety of tannin. Some of these have a 
brown, and others have a white epidermis, the former being the most valuable. 
The most important varieties in English commerce are—Yellow or Calisaya bark, 
yielded Cinchona Calisaya. Crown or Loxa Bark, by C. condaminea var. 
vera. Casco Bark, by C. pnbescens var. Pdletieriana. Gray or Huanuco Bark. 


Figures 1624 to 1627 illustrate the natural order Cinchonaoece. 

Fig. 1624. Gincdiona, the genus whence the order is named. It embraces the species of Peruvian 
at Jeanlt's Bark. The plants have opposite leaves and interpetiolar stipnles, with a 2-ceUed seed- 
vessel, and flowers in corymbose cymes. Ffg. 16!^. Cephaelis Ipecacuanha, with its annulated root 
(See lig. 188, p. 67). Fig. 1626. Cofiea arabica, the Coffee tree, a native of Arabia and the confines 
of Abyssinia. It has a sncoulent reddish-brown fhilt and homy albumen, which, when roasted, 
supplies the beverage oaUsd Cofl’ee. Fig. 1627, a. Root of Psyohotria emetics, one of the fklse Ipeoa- 
coan roots. It is called striated or Uaok Tpecacnan. 6, Root of Bicbardsonia emetlca, called White 
or Amylaceous Ipecacuan. 



eX]!fOlfOKAC%a£---aALUCBJfi. 


831 


b 3 rC.iiitida»id 0 .miorftatluu floam*IiM Or Bmy by C* condarniwaw. 

CShatBiargnert. Fibron# Cwthagtna Bark, by C, com d a niing a Tar. laadfblia. 
Hard Oi^agana barl^ by C. cordiftlia, and Bed Bark by an uideteraunad 
spedea. Quinine is got chiefly firom Calisaya Bark, Cinchonine fkrom Cusco, and 
Gr^ Bark, and Qoinidine fironi several of the inferior kindi^ snch as the flbrous 
Carflliagena Bark. The region cdf South America inhaldted by Cinchonas ex- 
tends oyer 29^ of lat according to Weddell. It represents a narrow riband, 
which, with its bends, describes a vast curve, foliowing the direetion of the great 
Cordillera of the Andes, commencing with the 19th parallel sooth, and generally 
coinciding with its eastern slope, where it maintains an elevation varying a little 
according to latitude, but confined within the limit of 7000-8000 feet The middle 
of this curve, which is at the same time its most wdrtem limit, and neaxipt the 
coast line, is situated near Loxa, in longitu(^e 82** west of Paris ; its lower extre- 
mity touches upon long. 62°, and its upper disajj^pears about 70°. As the bark 
is becoming scarce, it is of importance to extend the cultivation of the trees. C. 
Calisaya or the yellow bark tree has been introduced by Boyle into India ; some 
specimens were sent from the Edinburgh Botanic Gard^ grown from seeds sup- 
plied by Mr. Pentland. 

Coflfba arabica (Fig. 1526), the Ooflee tree, has a succulent fruit of a reddish-brown 
colour when ripe. The fruit contains two seeds, which are enclosed in an endo- 
carp called the parchment of the coffee. The haM albumen Is used to furnish the 
well-known beverage. It contains a bitter principle called Caffeine, which is 
identical with Theine. The import of Coflbe into Britain in 1852 was 54,877,254 
lbs., of which 35,044,876 were for home consumption. 

Coprosma microphylla yields the fruit called native currants in Anstralia. 

Ooutarea latlflora perhaps yields the variety of Copalchi Bark, imported from Chili 
under the name of Natri. 

Exostemma. The species of this genus yield various kinds of false Cinchona. They 
have exserted stamens, while in the Cinchona the stamens are incladed. 

Gardenia is a beantifol genus of plants extensively cultivated in hothonses for their 
odoriferous properties. One is called Cape Jasmine. 

Genipa. Species of this genus supply edible fruits. ' Some yield a dye. 

Guettarda spcciosa is said to produce Zebra- wood, which is imported in small planks 
from the West Indies, 

Morinda citrifolia. Its root famishes the dye called Sooranjee, which contains aays- 
talline colouring matter called Morindine. 

Oldenlandia umbellata. The bark of the root, under the name of Chay or Che root, 
is used to dye red, purple, and orange-brown. 

Psychotria emetica (Fig. 1527, a), yields a spurious kind of Ipecacuan, called striated 
or black Ipecacuan. 

Kichardsonia scabra and R. emetica (Fig. 1527, 5), produce the spurious Ipecacuan 
called white or amylaceous. 

Uncaria Gambir. An astringent extract called Gambeer is prepared by the Malays 
from the leaves. It is a kind of Catechu. 


1311. Nat. Ord. 116. — Galiace.® or Stbllat.®, the Madder order 



fig. 1529. 


(Figs. 1528 to 1 530). — Herbs agreeingin most 
points with Cinchonacees, and often included 
with them in a common order called Rubi- 
acem. The chief distinguishing marks are 
their square stems, verticillate and exstipu- 
late leaves. The name Stellatae is derived 
from the star-like arrangement of the leaves, 
ImIt itnnn verticilS SW5 



Fig. 1580 


Figures 1538 to 15M illustrate the natural order Gailacofs or Steilabh. 

Fig. 1S98. Branch of Rubla tlnetoria, Madder, showing quadrangular stem, vertidUats leavea, 
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partly of trje leaves and partly of stiptilee. Natives of ttie northern 
pairts of the northern hemisphere and of high mountauis in South 

America and Australia. Known q)eoies 
820. Ill, Gen, — Vaillantia^ Galium^ 
Rubia, Crucianella, Asperula, Sherardia. 

1312. The plants supply important 
dyes. Some have tonic and ^uretic pro- 
perties, and the homy albumen is occa- 
sionally used for Coffee. 

Asperula odorata, Woodruff acquires ftagrance 
when dried. 

Galium Aparine^ Gtooae-grasa or Cleavers, is a 
very rough-atemmed species, the albumen of 
which has been employed as a substitute 
for Coffee. Its juice has been recommended 
in cutaneous diseases. 

Rubia tinctorum, Madder root, a most important 
dye-stuil^ is extensively cultivated in the 
south of Europe and in Holland. By par- 
ticular manipulation, it gives the colour called 
Turkey red. Several colouring matters are 
got from it, probably all produced from a 
single 3 'ellow principle which exists in the 
living plant The roots of R. oordifolia (Mun- 
jista) famish the dye called Muqjeet in India. 

1313. Nat.Ord.117. — Valerianace-®, 
the Valerian order (Figs. 1531 to 1536). — 
Herbs with opposite exstipulate leaves and 
cymose inflorescence (Fig. 1531). Calyx 
superior, limb obsolete or forming a kind 
of pappus. Corolla tubular, 3-6 lobed, 
sometimes spurred at the base (Fig. 
1533). Stamens 1-5, inserted on the 
corolla (Fig. 624, p. 229). Ovary with one cell and 2 abortive ones ; 
ovule solitary. Fruit dry and indehiscent, with 1 fertile cell, some- 
times pappose (Fig. 1534). Seed suspended (Figs. 624, p. 229, and 
727, p, 251), exalbuminous. Natives of temperate climates in Europe, 
Asia, and America. Species 185. Ill, Gen, — Fatrinia, Nardostaebys, 
Valerianella, Fedia, Centrantbus, Valeriana, 

1314. Many of the plants in the order are strong-scented or aro- 
matic, owing to die presence of a peculiar volatile oil. In medicine, 
they are employed as tonics and antispasmodics. 

Centronthua ruber, Bed Valerian (Fig. 656, p. 210), has one stamen and a spurred 
corolla. Its leaves are used as a salad. 

Nardostaebys Jatamansi (Figs. 1686 and 1536) appears to be the plant which snp- 


and cymose clnstoirs of flowers. Fig. 1639. Diagram of the flower of Madder with the rlm-hke cal} cine 
limb, 6 parte of the corolla,i6 stamens, and a 3-celled and 2'8c«ded oTsry. Fig. 168a Pistil of Mad- 
der, wl|h the adherent oalyx-tlibe, obe^e limb in the form of a mere rim at the top of the ovary, 2 
styles and 2 stigmas 




Fl^. 1694. ng. 1681. 

Vi^riana officinalis (Fig. 1581) fkinishes the Valerian root of the druggists, which 

FignrpB 1581 to 1686 illustrate the natural order Yalerianaoeo). 

Fig. 1681. Valeriana ofB<dnalis, common Valerian, with impari-pinnate leaves, and flowers in a 
corymbose cyme. Pig. 1632. Diagram oC Valerian, showing calyclne feathery pappns, 6 lobes of the 
corolla, one ^bbons, 8 stamens, and one perfect ovarian cell with a single ovnle. l>'lg 1638. Flower 
of Valerian, with adherent oalycine tube, (fesolete limb which becomes pappose, irregnlar corolla 
gibbons at the base and with a 64obed Hmb, 8 stamens, and one style with 8 stigmas. Fig. 1684. 
Frnlt of Centranthos mber, Bed Valerian, Indehiscent, containing one perfect seed (2 othera being 
abortive), and having a feathery pappose calyx-limb at the apex. Fig. 1585. Nardostadiys Jatanumsi, 
the plant which soppUed the ancient Spikenard. It is the Hebrew Nerd or Nard (Cant i. 12, and iv. 
13, 14), and the Greek Nardos (Mark xiv. 8; John xii. 8). I'lg. 1588. The appeanmoe oS gpikenard, 
as taken from a druggist’s shop in London, and figured by Dr. Koylc. 
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yielda Valeriaaioaoid^andifl tiBedas anaotispaamodioin Jiemosaifeoticma. V. 
Phu, odtifia, sltdien^ Balitinca, and other apedeoi haye ahnSar propertiea. 



J-lg. 1636 Mg. 1682. Mg. 1683. 

Valerianella olitoria is called Lamb’s Lettuce, on account of being used as a salad. 



Mg 1687. 


1315. Nat. Ord. 118.— Dipsa- 
CACE^, the Teazel order (Fig. 1537). 
— ^Herbs or nndershrubs, with oppo- 
site or whorled, exstipulate leaves, 
and flowers in capitula surrounded 
by an involucre (Fig. 1537). Calyx 
a^erent, membranous, surrounded 
by an involucel. Corolla tubular, 
with an oblique 4-5-lobed limb. 
Stamens 4, anthers distinct. Ovary 
1 -celled; ovule pendulous. Fruit 
dry, indehiscent, crowhed by the 
pappus-like calyx. Seed albuminous. 
Natives of the south of Europe, the 
Mediterranean, and the Cape of 
Good Hope. Species 150. IlL 
Qen, — Morina, Dipsacus, Cepha- 
laria, Knautia, Scabiosa, 

1316. Some of the species are 
used in dressing cloth. Astringent 
qualities reside in some of the 
plants. 

Dipaacus Fnllonam, Fuller’s Teazel The 
dried headi^ with their undnate spiny 


Fig. 1687. Head of flowers of Sealdosa puriniTea, belonging to the nattual order Dipsaoaeeie. 
There are munerons flowers on a oonunon reoeptaele, with an invohiere snrroHnding them The 
anthers ere not united as in Oompositie. 
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UfActa, «e tued by fillers. D. ^lT«itris» Wild Teasel, has ooanate lesTes, 
which fonn by tibieir n&ioiii a caTity capable of coota in i ag a ooD^derable quantity 
of water. 

Soabioea, Scabious. Many of the species are showy, and cultiyated in gardens. S. 
Buccisa has astringent properties. 

1317. Nat. Ord. 119. — Calycerace^ the Calycera order. — A 
small order of herbs with alternate exstipulate leaves, and capitate 
flowers, intermediate between Dipsacacem and Composite, differing i^m 
the former in their united filaments and partially united anthers, and 
from the latter in their pendulous ovule, albuminous seed, and in their 
anthers. They inhabit the cooler parts of South America. lU. Gen. 
— ^Boopis, Calycera, Acicarpha. 

1318. Nat. Ord. 120.-^ompositjb or AsTEBACEiE, the Composite 



Flg.l5»8. Fig. 1548. Fig 1546, 

order (Figs. 1638 to 1549). — Herbs or shrubs with alternate or oppo- 
site, exstipulate leaves, and hermaphrodite or unisexual flowers (c^led 

Figure! 1688 to 1649 illuitrate the natural order Compoiitffi and its sub-orden Cicboraceie, Cjma- 
rooephahe, and Corymbifene. 

fig, 1686. Capitnluu of Calendula (^cinalis, garden Marigold, showing the ligolate or semiflos- 
enkns florets of the oixonmferenee or the ray, and the tubnlar or floacoloui florets of the centre or 
diak. All the florets fonn one indefinite infloreacence with centripetal expansion. Fig. 1689. Mari- 
gold head seen bdov, so as to display the involucre, i, composed of pbyilaries aurzpunding the florets. 
Fig. 1640. Tubular or floaculoua flower (floret) of Senedo Jaeobeea, common Bagwort, taken from the 



Fig. 1640. Fig, 1647. Fig. 1541. 



Fig. 1546. Fig. 1642. Pig. 1644 Pig. 164». 


forming an involucre (Fig. 1539), the separate florets being often 
famished with bractlets in the form of chaff (called squamae or 


diBk of tiie capittUinn, showing aehene, a, with suponor pappose calyx, e, tabular corolla, nulted anthers, 
and forked style, t. Fig. 1641. Female ligulate or semiflosenlotu dower (floret) of Ragwort, taken 
lErom the ray of ^e capitnlum, showing the aehene, n, with the superior pappose calyx, the strap-shaped 
corolla, and the forked style. Fig. 1642. Tubular floret of Helinuthus snnuus, the Sunflower, showing 
the aehene, with the adherent calycine tube, the superior bristly limb, the 6-lobed corolla, and the 5 
stamens combined by their anthers (synantherous) round the style. Fig. 1648. Style of AchiUssa Mille- 
folium, Milfoil, forking so as to form 2 papillose stigmatic surfaces, which ere curved outwards. Fig. 
1644. Pistil of Chrysanthemum, Ox-eye, showing the inferior ribbed aehene, o, the obsolete calyx limb, 
ibe long style, /, dividing at thenm:, t. Fig. 1546. Arheneof Tragopogon perrifoiins, Salsaty, with the 
calyx limb in the form of persistent feath^ (jdumose) pappus. Fig. 1646. Oiehortnin latybus, Chicory 
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palett). Calyx adherent, limb entire or toothed, or mostly expanded 
into a pappuB (Fig. 1540). Corolla regnlar (Fig. 1542), or irregular 
(Fig. 1541). Stamens 5; anthers syngenesions (Fig, 1540). Ovary 
single; style 1, bifid at the apex when fertile 
(Fig. 1544) ; stigmas on the inner sarfkce of each 
branch of the style (Fig. 1543). Fruit an aohene, 
crowned with the limb of the calyx (Fig. 1545). 

Seed solitary, erect, exalbuminous ; embryo straight. 

The plants are found in all parts of the world. In 
warm countries they sometimes assume arborescent 
forms. Known species between 9000 and 10,000, 

III, Cfen. — Scolymus, Lapsana, Hyoseris, Hypo- 
chieris, Scorzonera, Lactuca, Hieracium, Yemonia, 

Eupatorium, Aster, Beilis, Chrysanthemum, Senecio, 

Cynara, Carduus, Mutisia. 

1319. The plants of this very extensive order 
have been variously divided by authors. They 
were included by Linnieus in his class Syngenesia, 
the divisions of* which are given at page 720. By 
Jussieu the following divisions have been esta- 
blished: — 1, CichoracesB, the florets all Hgulate 
and perfect. 2. Cynarocephalse, the florets all 
tubular, homogamous, or those of the ray neuter ; 
style swollen below its branches. 3. Corymbifer®, 
florets of the same head all homogamous (usually 
tubular) ; or those of the circumference filiform or tubular and pis- 
tilliferous, or ligulate ; style of the perfect florets not swollen below 
its branches. De Candolle gives the following primary divisions ; — 
1. Tubuliflor® (embracing Cynarocephal® and Corymbifer® of Jussieu), 
hermaphrodite flowers tubular, with 6, rarely 4, equal teeth. 2. 
Labiatiflor®, hermaphrodite flowers, or at least the unisexual ones, 
two-lipped. This includes chiefly some peculiar Ajnerican genera. 3. 
Liguliflor® (Cichorace® of Jussieu), all the florets hermaphrodite and 
ligulate. Under these sub-orders De Candolle formed tribes from the 
form and natoe of the style and stigma, attention being paid to 
the mode in which the branches of the style separate, the nature and 
extent of the papill®, and the hairs on the stigmatic surface and on 
the style, &g, 

1320. The properties of Composite plants are various. Bitterness 

plant, with its eompotmd flowcn and large root, which ia often mixed with Coffee. The plant illos- 
tratei the aob-ovder CicharacesB. Pig. 1647. Capitnhxin of Onopwdnin jUanthinm, called Scotch Tbiatle 
bjr gardenen, ihowing the involucre, I, receptacle, a, and floreta, /. It illnatratM the anb^rder Gyna- 
Tooephaln (aee also Centanrea, Fig. S&2, p. 168). Fig. 1648. Cci^hpse c^dtnla of Senecio Jaoobna, 
common Bagwort. It illnitratcs the 8nlM>rder Coi^mbiferm. Fig. 1648. Artemiiia judaica, one of the 
plants supposed to be the Absinthium of the New Testament, translated Wormwood (Rot. viiL 11). 
This qteoies, and perhaps A. romana and A. Abrotannm, may be implied in the Hebrew Laanah trans- 
lated Wormwood (Bent. xxix. 16; Jer. ix. Ig, xxiii 15 ; Lam. iii. 15, 19; Amos v. 7, and also vL 19, 
where it Is tranalated Hemlock), 

AddiUonal figuras iUnstmti^ Compcidta. FlmreU of Chrysanthemiim and Achillm, Fig. 491, p. 
197; Fig. 648, p. SOS; Fig. 668, p. 909; and Fig.66 f p, 910. Beceptade and pappns of Dandelion, 
Fig. 866, p. 164. 
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aeeiiui to prevail in the order to a greater or less degree* This is 
aqpompanied with tonic, stimulant, aromatio, or even narcotic qualities. 

Sob-order 1. Oichobaoe^ Chicory or JLettooe Section (Fig. 1546) — The plants in 
this diThdon abound in a milky juice, which has bitter, diuretic^ and narootio properties. 
Some are esculent vegetables and salads. They are most abundant in cold regions. 
Many of the plants exhibit in a marked degree the phenomena of opening and cloaing 
their capitula (page 581). 

Oichorinm Intybus, Chicory, or Wild Succory (Fig. 1546), is much cultivated, espe- 
cially in France and Germany. Its roots are used as a substitute for Cofifee, or 
as an addition to it The admixture, without due indication of it, is forbidden in 
Britain. The leaves are made to yield a blue dye. C. Bndivia is the Endive or 
garden Succory, the leaves of which are used as a salad when etiolated, 

Lactnca virosa, Wild Lettuce, gives out abundantly a white jnice which, when in- 
spissated, consdtutes the anodyne narcotic called Lactucarium, or Lettuce- 
opium. L. sativa, common Lettuce, also yields a similar jnice, but by cultiva- 
tion as a salad it loses much of its narcotic property. Both plants contain a 
neutral active principle called Lactucin. 

Leotttodon Taraxacum, common Dandelion (Fig. 861, p. 158), has a milky juice 
which, when concrete, has been used medicinally as a diuretic, and economically 
as Coffee. It contains a bitter crystalline principle, Taraxadne. 

Scorzonera hispanica. The root, under the name of Scorzonera, is used as a vege- 
table. The roots of S. deliciosa are eaten in Sicily. 

Tragopogon porrifolius, Salsafy, is also cultivated on account of its edible root When 
cooked it has the taste of oysters. 

Sub-order 2. CTNABOCEFBAr.iB!, the Artichoke or Thistle Section (Fig. 1547, and Fig. 
392, p. ICS). — The plants in this division are usually bitter and tonic. Some are escnlent. 

Arctium, Burdock. The roots of species of this genus have been employed medici- 
nally as substitutes for Sarza. 

Aucklandia Costus. This plant is found in Cashmere, and its root is said to he the 
ancient Costus, edebrated for its virtues. The root has an aromatic pungent 
odour, and is used for incense. It is known in Northern India under the name 
of Koosht. In Bengal it is called Puchok. 

Cardnus, Thistle. Many different species have been dignified with the name of 
Scotch Thistle. It is probable that a common species such as C. lanceolatus 
is most deserving of the name. Some have fixed on doubtfully native species, 
such as C. Maiionus (Silybum Marianum), to represent Scotland ; and at present 
gardeners employ for this purpose a Thistle belonging to another genus, Ono- 
pordum Acanthium (Fig. 1547). 

Caithamus tinctorius, Safflower. The dried flowers yield a pink dye. 

Cynara Scolymus, common Artichoke. The succulent receptacle is the part used 
tor food. C. Cardunculus, Cardoon, is another esculent vegetable. 

Sub-order 8. CoRVMBiFERiB, the Chamomile Section (Fig. 1548).— The plants of this 
division are hitter and aromatic. TlAsy usually contain more or less of a volatile oil. 

Anat^dus Pyrethrum, Pdlitory of Spain, is used medicinally to promote the flow 
of saliva. A. offidnarum has similar properties. 

Anthemis nobili^ Chamomile. The odoriferous flowen are used tor fomentation. A 
warm watoiy infusion of them acts as an emetic and diaphoretic. The extract 
and cold inftision are bitter tonic. 

Arnica montana, LeopardVbane, or Mountain Tobacco, has been given In nervous 
diseases as sn acrid stimulant. 

Artemisia Absinthium, Wormwood, is bitter stomachic. A, Contra, Yahliana, and 
other spedes (Fig. 1543), are need os anthelmintics, under the name of Worm- 
seed* Some of the sp^es are used in the preparation of beer, vinegar, and 
liqnenrs sndi as the Ckflme dAbsinthe. 
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fiAimtoift eorUoea, a New Zealand plant, has a woolly epidermis on its leaves, whudi 
is spim into threads and woven into fabric. 

Ceradia fiircata is a peonliar ooral-like plant, (bond <ni the west coast of AfHca, and 
yielding a resinous matter called African bdeUinm* 

Dahlia variaUlis has been made by culiiTation to assume all varieties of colour. 
Both tabular and ligulate florets become quilled. The plant belongs to the 
zanthic series, and hence we have not a blue D ahli a. 

Qnaphalium. Many species of this and other allied genera, in consequence of their dry 
involucres, constitute what are called everlasting flowers. G. orientale is much used 
in Pere-la-Chaise. Many beantiflil species are brought from theCape of Good Hope. 

Helianthus annuus, common Sunflower. Its achenes have been used for Coffee. 
H. tuberosua is the well-known Jerusalem (Girasole) Artichoke. 

Heliohrysum coebleariforme, or a species closely allied to it, is given in infoslon to 
consumptive patients at the Cape of Good Hope, under the name of Boschesh Tea. 

Inula Helenium, Elecampane, is an aromatic plant which has been used as a tonic 
and diuretic. It contains a starchy matter called Tnuline. 

Lychnophora Pinaster is a peculiar Composite plant, having the appearance of a 
Scotch Fir. A species on the mountains of Minas Geraes in Brazil, is a shrub 
dz feet high, having horizontal branches and narrow leaves six inches long. 
The whole plant except the upper side of the leaves is covered with a dense coat of 
long brownish-coloured wool, which is often collected and used for beds and pillows. 

1321. Nat. Ord. 121 . — Brunoniace^, the Bnmonia order. — Herbs 
with radical exstipulate leaves, and capitulate, involucrate flowers 
supported on scapes. Calyx free, in 5 divisions. Corolla 5-parted, 
inserted at the base of the calyx. Stamens inserted with the corolla. 
Ovary 1 -celled ; ovule solitary ; stigma enclosed in a 2-valved cup. 
Fruit a utricle, enclosed in the hardened calycine tube. Seed erect, 
exalbuminous, Australian plants. Species 2. III. Gen* — Brunonia. 

1322. Nat. Ord. 122. — GooDENiACEiE, the Goodenia order, — 
Herbs, rarely shrubs, not lactescent, with scattered exstipulate leaves, 
and distinct, not capitate flowers. Calyx usually superior, 3-5-divided. 
Corolla more or less superior, usually irregular, with a split tube and a 
5-parted lipped limb ; aestivation conduplicate. Stamens 5, separate. 
Ovary 1-2-celled; placenta free, central; stigma surrounded by an 
indusium. Fruit capsular or drupaceous. Seeds albuminous. Natives 
chiefly of Australia and the islands of the 
southern ocean. Species about 150. HI. 

Gen, — Selliera, Goodenia, Leschenaultia, 

Scsevola, Dampiera. 

1323. Some of the plants are used 
as esculent vegetables, and their pith is 
employed for economical purposes. * 

Soffivola Taccada is the plant which furnishes 
the Rice-paper of the Malay Archipelago. 

Its leaves, when young, are eaten aa pot- 
herbs. Its fruit is drupaceous. 

1324. Nat. Ord. 123 , — Stylidia- 
CEJB, the Style wort order (Fig. 1550). — 

Herbs or undershrubs, with scattered or 
whorled exstipulate leaves. Calyx adhe- 

Fig. 1550. Stylidlum tenuifoliunij Blender-lesTcd Stylewort, with its narrow scattered leaves^ 

8i 
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rent, with 2-6 divisions. Corolla usually irregular, 6-6-divided; sesti- 
Vation imbricate. Stamens 2 ; filaments united with the style into 
a column ; anther-lobes on the top of the column lying over the stigma. 
Ovary usually 2-celled, often with 1 or 2 epigynous glands in front. 
Fruit usually a 2-celled and 2-valved capsule. Seeds albuminous. 
Peculiar plants, remarkable for their gynandrous structure and for their 
irritable column (p. 557). Natives chiefly of the swamps of Australia. 
Species 121. IlL Qen. — Stylidium, Forstera. 

1325. Nat. Ord. 124. — Campanulace^, the Hare-bell order (Figs. 
1551 to 1555). — ^Lactescent herbs or undershrubs, with alternate exsti- 



Fig. 1552. Fig. 1664. Fig. 1653. 


pnlate leaves, and usually showy blue or white flowers (Fig. 324, p. 
165). Calyx superior, limb commonly 5-cleft, persistent (Fig. 1553). 
Corolla regular, companulate, usually 5-lobed, marcescent (Fig. 1552). 
Stamens 5, distinct. Style with collecting hairs (Fig. 1554 and Fig. 
109, p. 45). Fruit a 2 or ^any celled capsule, loculicidal, dehiscing 
by openings at the sides or by valves at the apex. Seeds. numerous, 

panloled cymose flowew, irregular epigynous corolla, and irritable column, formed by the union of 
atamene and styla. The column projects from the flower, and, when Irritated, moves ftom one side 
of the flower to the other. 

Figures 1561 to 1655 illustrate the natuial order CampanulaoeiB. 

Fig. 1651. Diagnun of the flower of Campanula Hnpuncului, Bampion, showing 6 divisions of the 
calydne limb, 6 reduplleately-vaivate divisions of the corona, 5 stamrns, alternating with the oorol- 
Hne lobee, and a SHjelled ovary. Fig. 1663. Bell-shaped corolla of Campanula Bapunculns with 
superior calyx. Pig. 1653. Vertloal section of the flower of Campanula Medium; supwhir oalyx, 
ovary with central placenta and numerous seeds, stamens with filaments dilated at the base, and 
anthers applied to the collecting hairs on tho style. Pig. 1664. Style with collecting hairs. Fig. 1686. 
Section of ovary of Campanula Medium, showing 5 cells and numoroos ovules attached to processes 
proceeding from the central placenta. 
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albiiminacm, attached to a central placenta (Fig, 1555). Chiefly 
natives of the northern parts of Europe, Asia, and North America. 
Those with capsules opening by lateral pores appear to be natives of 
the northern hemisphere ; those with apioilar valves, of the southern. 
Known species 500, III. Oen. — Jasione, Lightfootia, Canarina, Wah- 
lenbergia, Prismatocarpus, Phyteuma, Campanula, Specularia, Musschia, 
Cyphia. 

1326. The Bellworts have an acrid milky juice, but occasionally 
the young shoots and roots are cultivated as articles of food. 

CEmpaniila, Hare-bell, baa many species which are admired for their beauty. C. 
Baponculas, Bampion, is used as an esculent vegetable. 

Cyphia glanduUfera. Its tubers are farinaoeousi and are eaten in Abyssinia. Those 
of C. digitata are used by the Hottentots. 

1327. Nat. Ord. 125. — Lobeltace^, the Lobelia order. — Lac- 
tescent herbs or shrubs, with alternate, exstipulate leaves. Calyx 
superior, limb often 5-lobed. Corolla irregularly 5-lobed, often 
deeply cleft. Stamens 5, epigynous, synantherous. Stigma fringed. 
Fruit capsular, 1 or more celled, dehiscing at the apex. Seeds 
numerous, albuminous. Natives chiefly of tropical or subtropical cli- 
mates. Species 375. IlL Oen. — Clintonia, Lobelia, Tupa, Sipho- 
campyluB, Delissea, Colensoa. 

1328. The Lobeliads have usually an acro-narcotic milky juice, and 
hence the species are often poisonous. The milky juice is sometimes 
used for caoutcbonc. 

Lobelia inSata, a North American species, is used medicinally nnder the name of 
Indian Tobacco. Its properties are antispaamodic and sedative, as well as ex- 
pectorant and emetic. The root of L. syphilitica has emetic properties. L. nrens, 
a native of the South of England and other parts of Europe, has blistering 
qualities* 

Tupa. Some of the species are said to be 
dangerous poisons. 

1329. Nat. Ord. 126, — Styraca- 
€E.ffi or Symplocaceje, the Storax 
order (Fig. 1556). — Trees or shrubs, 
with alternate, exstipulate leaves, 
usually with stellate tomentum. Ca- 
lyx free, persistent, with 5 or 4 lobes, 
or entire. Corolla 5 or 10 divided. 

Stamens definite or indefinite, arising 
from the corolla, more or less coher- 
ing. Ovary 3-5-oeUed. Ovules 
partly erect and partly pendulous. 

Fruit succulent, enclosed by the ca- 
lyx, often unilocular by abortion. 

Seeds albuminous. Miers divides this into two orders, Styracacem 
and Symplocaceae, the former differing in their uniserial stamens, 

Hg. 1566. Stjrax oflicinalc, the Storax tree, a native of Syria and Arabia. It seeniB to be the 
nebte« Ubneh, translated Poplar, Gen xxx 87, and Hob Iv IS 
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linear anthers, superior ovary, free central placenta, one-seeded drupe, 
and stellate hairs. Sparingly distributed, chiefly in tropical and sub- 
tropical regions. Species about 120. IlL Oen» — Styrax, Halesia, 
Pamphilia, Symplocos, Hopea. 

1330. Some of the plants are bitter and aromatic, others yield a 
fragrant stimulant resin. 

Halesia. The species are natives of America, and from the appearance of their 
flowers receive the name of Snow-drop trees. 

Styrax Benzoin, a tree of the Malay Archipelago, produces the oonorete balsamie 
exudation Brazoin, which is employed medicinally as an expectorant, and is also 
used for incense. S. officinide (Fig. 1556), a native of Syria, produces the resin 
called Storax, which is prescribed as a pectoral remedy. Ihe tree is probably 
the Hebrew Libneh, translated in our version of the Bible, Poplar. Both these 
balsamic resins contain Benzoic add. A fragrant secretion from S. reticulata is 
also used as frankincense. 

Symplocos tinctoria has sweet leaves, which are used as a dye. The leaves of S. 
AJstonia are sometimes employed as Tea. 

1331. Nat. Ord. 127. — Columelliace^b, the Columellia order, — 
Evergreen shrubs or trees, with opposite exstipulate leaves and yellow 
flowers. Calyx adherent, 5-parted. Corolla rotate, 5-8-parted. Sta- 
mens 2, on the corolla. Anthers sinuous. Disk epigynous. Fruit a 
2-celled polyspermal capsule. Seeds albuminous. A small and 
doubtful order, placed by Lindley in his Cinchonal Alliance. Natives 
of Mexico and Peru. Species 3. IlL Oen. — Columellia. 

1332. Nat. Ord. 128. — VAcciNiACEiB, the Cranberry order. — 
Shrubs with alternate exstipulate leaves. Calyx superior. Corolla 
4-6-lobed. Anthers biporose, with appendages. Fruit succulent, 
4-10-celled. Seeds albuminous. The order differs from Ericaceae 
chiefly in its epigynous calyx. Natives of temperate regions, and 
found often in sub-alpine swamps. Species 200. HL Gen. — Gaylus- 
sacia, Oxycoccus, Vaccinium, Thibau^a. 

1333. Astringent properties prevail in the order. The berried 
fruit is subacid and eatable. 

Oxycoccus palustris (Y acdnium Oxycoccus), a marsh plant, produces the Cranberry 
in Britain. O. macrocarpa is the American Cranberry. 

Tbibaudia. The species help to form the shrubby region of the Andes. The 
fruit of some is used as food, and for making wine. 

Vacoimam Myrtillus is the Bilberry or Blaeberry. V. Vitis Idna, Bed Whortle- 
beny or Cowberry, is used as a substitute for the Cranberry. V. uliginosum 
produces the Black Whortleberry of Highland districts. 

1334. Analysis of the natural orders of Calycifloral Exogens, with 
references to the numbers of the orders in the preceding pages. 

A. POLYPETALOUS ORDERS. 

I. Flowers Polyandrous. Stamens more than 20. 

1. Ovary wholly superior, 
a. Leavei egott^pulafe (vnthout stipuleg). 

Carpels more or less distinct or solitary. 

Ovules suspended or ascending 

Ovule attached by a cord to the base of the cell . 


Rosaoen, 76. 

.. Anacardiacew, 71. 



ANALYSIS OF CALTCXFLOBAL EZOOENS. 


843 


Carpels combined into a solid pistil, with more {dacentas than one. 

Calyx of two sepals cohering at the base * Portolaoaoen, 97. 

Calyx of more than two sepals, tabular, permanent Lythracen, 78. 
b, Lewei tHpukOe (with stipvies). 

Carpels more or less distinct or solitary. 

Calyx with the odd lobe inferior Leguminosa, 74. 

Calyx with the odd lobe snperior Rosace®, 76. 

Carpels combined into a solid pistil, with more placentas than one. 

Placentas in the axis Port n lacace®^ 97. 

2. Ovary inferior, or partially so. 
o. Zeoees eawtipidiorfe. 

Placentas parietal 

Petals definite, distinct from the calyx, hooded Loasace®,91. 

Petals indefinite, passing into the sepals Oactaces^ 102 

Placentas in the axis. 

Leaves with transparent dots. 

Ovary 1-celled, cotyledons not distinct Chams^uciaoeiB, 86. 

Ovary more than 1-celled, cotyledons distinct ... Myrtacee^ 85. 
Leaves without dots. 

Petals indefinite Mesembiyanthemaces^ 100. 

Petals definite. 

Petals linear, reflexed AJangiacesB, 88. 

Petals round and concave. 

Style one, stigma capitate Barringtoniacefe, 88. 

Styles and stigmas more than one Philadelphace«^ 84. 

b, Leamm stipulate. 

Carpels more or less distinct or solitary. 

Carpels covered by the calyx Rosace®, 76. 

Carpels combined into a solid pistil. 

Leaves opposite Bhizophorace®, 79. 

Leaves alternate ; fruit a pyxis Lecythidace®, 87. 

II. Flowers Oligondrous. Stamens fewer than 20. 

1. Ovaiy wholly superior, 
a. Leoms exstipulate. 

Carpels more or less distinct or solitary. 

Carpels, each with a hypogynoos scale Crassulace®, 99. 

Carpels without hypogynous scales. 

Carpels several, all perfect Calycanthace®, 77. 

Carpels solitary, or aU but one imperfect. 

Leaves dott^ Amyridaoe®, 72. 

Leaves not dotted. 

Plants with resinous juice Anacardiacesa, 71. 

Plants without resinous juice Connaraceie, 78. 

Carpels combined (at least by their ovaries) into a solid pistil 
Placentas parietal. 

Flowers unisexual Papayace®, 98. 

Flowers hermaphrodite Tumeracei^ 96. 

Placentas in the axis. 

Styles distinct to the base, 

Carpeli^ each with a hypogynous scale Crassulace®, 99. 

Carpels two, without scales Saxifragace®, 105. 

Styles more or less combined. 

Calyx imbricate. 

Sepals two Portulacace®, 97. 
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puxn than two. 

OnlMMooididg CtlMtneM.^ 6& 

OrtUofl iiii^>eiid6d.««..««.**«*i Braniftosie^ 108. 

Calyx valrate or open. 


Stamens alt^ate with the petalSi if isomerotts Lythraoese, 78* 
b, Leavet sHpulats, 

CarpelB di^ct or solitary. 

Fruit leguminoas; odd sepal inferior I^gnminoss^ 74, 

Fruit not leguminous ; odd sepal superior Rosaoen, 78. 

Carpels combined (at least by their ovaries) into a solid pistil. 

Placentas parietal. 

Flowers with a ring of appendages (abortive petals) Passldoraceie, 98. 

Flowers without a ring of appendages Moringaces^ 75. 

Placentas in the axis. 

Styles distinct to the base. 

Petals minute lUecebracee, 98. 

Petals conspicuous. 

Leaves opposite Cunoniaceie, 107. 

Leaves alternate Saidfragaceie) 105. 

Styles more or less combined. 

Calyx imbricate. 

Flowers spurred Yochysiacefe, 80. 

Flowers not spurred. 

Leaves simple Stackhon8iaoe»» 67. 

Leaves compound StaphylsBaceffi, 69. 

Calyx valvate or open. 

Stamens opposite to the petals, isomerous ... Rhamnacefe, 70. 
Stamens alternate with the petals^ if isomerous Amyridaceie, 72. 

2. Ovary inferior, or partially so. 
a. Leaves exstipulate. 

Placentas parietal. 

Fruit baccate GrossulaziacesSylOS. 

Placentas in the axis. 

Flowers in umbels. 

Styles two Umbelliferee, 110. 

Styles three or more Arallaceie, 111. 

Flowers not in umbels. 

Carpel solitary. 

Plants parasitic Loranthacem, 118. 

Plants not parasitic. 

Petals linear, reflexed Alangiacere, 88. 

Petals oblong. 

Plants with resinous juice Anocordiaceie, 71. 

Plants without resinous juice. 

Cotyledons convolute Combretaceie, 83. 

Cotyledons flat Halorageaceie, 90. 

Carpels more than one. 

Cal}^ limb minute, inconspicuous HalorageacesB, 90. 

Calyx limb evident. 

Carpels divaricating at the apex. 

Leaves alternate ; herbs Saxifnigacess, 105. 

Leaves opposite ; shrubs Hydrangeace8D,10G. 

Carpels not divaricating, combined. 

Calyx valvate. 

Embryo curved Tctragoniaceaj, 101. 

Embryo straight 
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fitamens oppofUe tlie petoli^ iaomerons Bhanmaoet^ 70. 

IStomens alternate idtk tbe petali^if iaomeioua. 

Albumen none Onagraoese, 89. 

Albumen oopioua Conuc8«,il2, 

Calyx not valvate. 

Stamens doubled downwards^ anthers elongated* 

leaves ribbed Mdastomaoeset* 82. 

Stamens not doubled down, anthers short 

Seeds very numerous, mtoute Esealloniaoes^ 104. 

^ Seeds few, 1-4 Bruniaceas, 108. 

6. Leaves 8t^lat6, 

Placentas parietaL 

Stipule drrhose Cucurbitaceie, 92. 

Placentas in the axis. 

Stamens opposite the petals, isomerous Rhamnaoea?, 70. 

Stamens alternate with the petals, if isomerous. 

Leaves opposite Hhizophoracem, 79. 

Leaves alternate Hamamelidaceffl, 109. 


B. GAMOPETALOUS ORDERS. 


1. Ovary superior. 

а. Leaves exatipulaie. 

Carpel solitary. 

Stigma with a cuplike indusium Brunoniacem, 121. 

Carpels more than one. 

Carpels distinct Crassulaccie, 99. 

Carpels combined. 

Flowers unisexual Papayacem, 93. 

Flowers hermaphrodite Styracacete, 126. 

б. Leaves stipulate. 

Stipules minute Stackhousiacem, 67. 


2. Ovary inferior. 

a. Carpel solitary. 
Anthers united. 


Ovule i)endulous CalyceraoesB, 119. 

Ovule erect Compositte, 120. 

Anthers free. 

Fruit a single achene, without any rudimentary ones. 

Fruit crowned with the calyx, and covered 

with an involucel Dipsacaoece, 118. 

Fruit not crowned, and without involucel.. Loranthaceae, 118. 
Fruit an achene, wilii the rudiments of two 

others Yalerianacee, 117. 

b. Carpels more than one. 
l^ves exstipulate. 

Anthers united Lobeliaceie, 125. 

Anthers free. 

Stamens two Columelliacem, 127. 

Stamens more than two. 

Anthers opening by pores Vacciniace®, 128. 

Anthers opening by slits. 

Stigma with an indusium Goodeniace®, 122. 

Stigma without on indusium. 

Flowers pentandrous or tetrandrous. 

Leaves alternate Campanulaceie,124. 
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LeaveeoppMiU. * Ciqjrl£oliacett,114. 

LeavBS verddllate GalliceiB» 116. 

Flowers polyandrous BdvisiacesB, 1>4. 

Flowers gynaadrous StyUdiacess, 128. 

Leaves stipulate. 

Stipules interpetiolary Oinchonaces^ llo. 

Stipules cirrhose CncurWtaoew, 92. 


In some Calycifloral Exogens the insertion of the stamens is so near the base of the 
calyx, that it is difficult to separate them from Thalamifloral fixogens. This 
may bo seen in Legaminosse and Portulacacese. Occasionally the petals are 
abortive, so that the plants become monoohlamydeous. The orders in which this 
anomaly occurs are CelastracesB, Rhanmaceae, Amyridaoe^ Leguminosie, 
Bosaoeffi, Lythraceas, Combretaceae, Hyrtaceae, Halorageaceas, Pastifloracea, 
Portulacaoeae, lUecebraceaa, Tetragoniaceas, Saxifragaceae, Cunoniacea^ and 
Loranthaceie. 


SUB-OLASS S. — COBOLLIFLORiE. 


1. HYPOSTAMIl^E.®. 


1335. Nat. Ord. 129. — Ericaceae, the Heath order (Figs. 1657 
to 1559.) — Shrubs or undershrubs with evergreen, rigid, entire, whorled 



or opporite, exstipnlate leaves (Fig. 1657). Calyx inferior, 4-5-clefit;, 


Hguree 1057 to 1558 illustrate the natural order Erioaoen. 

Fig. 1567. Erica cinerea, fine>leaved Heath, showing its entire ezstlpnlate leaves and ovate ven- 
triooee corolla with a 4-divided limb. Fig, 156a Diagram of Erica, showing a tetnunerous dower 
having i divltionB of the calyx and corolla, 8 itamena, and a 4-valvcd capanle. Fig. 1568. Yertioal 
section of the flower of Erict, showing calyx, corolla, bypogynous stamens with poroee, i^pendica- 
late aatbars, and ovary with exile plaoenta and numerous ovules. 
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persistent. Corolla 4-5-cleft. Stamens 8-10 or twice these nnmljerB, 
hypogynons (Fig. 1559). Anthers 2-celled, biporose, with appendages. 
Ovary surrounded by a disk or scales. Fruit capsular, rarely baccate. 
Seeds numerous, with an adherent testa, and cylindrical embryo in the 
axis of fleshy albumen. There are 2 divisions of the order, according 
to Lindley. — 1, Erice«, fruit loculicidal, rarely septicidal or berried; 
buds naked, 2. Rhododendreae, fruit capsular, septicidal ; buds scaly, 
resembling cones. They abound at the Cape of Good Hope, and 
occur also in Europe, America, and Asia. There are about 850 
known i^cies. III. Oen. — Erica, Macnabia, Calluna, Menziesia, 
Phyllodoce, Dabcecia, Andromedi^ Clethra, Epigsea, Qaultheria, Arbu- 
tus, Enkianthus, Arctostaphylos, Azalea, Kalmia, Hhodothamnus, 
Rhododendron, Befaria, Ledum. 

1336. Some of the Heathworts are astringent, others have edible 
fruit, and others, such as species of Rhododendron, Kalmia, and Ledum, 
are poisonous. The species of Erica have no active properties. 

Andromeda poUfolia, found in marshes in Britain^ Is said to be poisonous. 

Arbutus Unedo bears a fleshy flruit like a Strawberry, and hence it is called the 
Strawberry tree. It is common on the islands at the Lakes of Eillamey. It is 
recommended as an astringent in Leucorrhoea. 

Arctostaphylos lJva*Ursi, Bearbeny, is an astringent An infhsion of its leaves is 
prescribed in dischai^es from the mucous membrane of the bladder. The plant 
grows at considerable elevations on the British mountains, and also comes down 
to near the sea level. The berries of A. alpina are used as food. 

Azalea pontica is said to be the plant winch supplied poisonous honey in the retreat 
of the 10,000, as mentioned by Xenophon. 

GaUuna vulgaris, the common Heather. This genus diflers from Erica in having a 
septiddal capsule. 

Erica. This genus has its maximum at the Cape of Good Hope. It has been re- 
marked by Humboldt, that of the 430 known species of Erica, only one has been 
discovered across the whole extent of the New World from Pennsylvania and 
Labrador to Nootka Sound and Alashka. In Britain there are six species; of 
these, E. Tetralix and cinerea (Fig. 1557), are common everywhere, E. medi- 
terranea andMackayi are confined to Connemara in Ireland, while E. dliaris and 
vagans are found both in England and Ireland. 

Bhododendron Ghrysanthum, found in Siberia, has marked narcotic properties. 
B. ferrugineum and hirsutum, under the name of Bose of the Alps, form a shrubby 
belt on the Swiss mountains. Some Rhododendrons, such as B. Dalhoosis^ are 
epiphytic. B. nivale was found by Dr. Hooker on the mountains of the Thibetan 
frontier, at an elevation of 16,000 to 18,000 feet. Major Madden says that B. 
arboreum in Komaon attains a height of 40 feet, with a circumference of 16 feet 

1337. Nat. Ord. 130. — PYBOLACEiE, the Wintergreen order. — 
Herbs, with simple leaves, generally included as a sub-order of Eri- 
caceae, hut distinguished by their habit, their more or less declinate 
styles, loose testa, and minute embryo at the base of fleshy albumen. 
Natives of northern countries. Ohimaphila umbellata is tonic and 
diuretic. Species 20. EL Oen, — Cladothamnus, Ohimaphila, Pyrola. 

1338. Nat. Ord. 131. — MoNOTEOPACBiB, the Fir-Rape order. — 
Parasitic plants of a brown colour, allied to Pyrolaceae, but differing 
in their scaly stems, in the longitudinal dehiscence of their anthers, 
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ftnd in tbdir mittnte embryo being at the apex of the albumen. They 
aa^ also considered by many as a sab-order of Eiioaoea^ from which 
their habit, their antherine dehiscence, loose testa, and minute embryo, 
separate them. Chiefly found parasitic on Firs in Europe, Asia, and 
North America. Species 10. lU. (3^.— -Monotropa, Hypopithys. 

1839. Nat. Ord. 132.-— Epacridace-®, the Epacris order.— Shrubby 
plants, with usually alternate, simple, and parallel-veined leaves, 
having overlapping bases ; flowers commonly pentamerous. They 
represent the Heaths in Australia, and differ from Ericaceae principally 
in having one-celled anthers without appendages. Natives of the 
Indian Archipelago and Australia. They are cultivated for the beauty 
of their flowers. The baccate species supply edible fruits in general. 
Astroloma humifiisum is called Tasmannian Cranberry, and Leuco- 
pogon Bichei is one of the plants called native Currants. Species 320. 
m. Oen, — Epacris, Sprengelia, Dracophyllum, Styphelia, Acrotriche. 

2. EPICOEOLL.^ OR EPIPETAL^. 

1340. Nat. Ord. 133. — Ebenace®, the Ebony order (Fig, 1560). 

— Trees or shrubs not lactescent, 
with alternate, exstipulate, cori- 
aceous, entire leaves, and poly- 
gamous flowers. Calyx 3-7 -cleft, 
persistent. Corolla 3-7 -cleft, 
often pubescent. Stamens usu- 
ally twice or quadruple the num- 
ber of the corolline segments; 
anthers with longitudinal dehis- 
cence. Ovary 3 or several celled ; 
style with as many divisions; 
ovules 1 or 2 in each cell, pen- 
dulous. Fruit a round or oval 
berry; seeds large and bony, 
albuminous. Chiefly tropical 
plants. Many are found in India, 
a few in colder climates. Species 
160. m Gen, — Boyena, Dios- 
pyros, Maba, Cargilia. 

1341. The trees of this order 
are remarkable for their hard and 
valuable timber. The bark of some of the species is astringent, 
while the fruit is in many cases eatable. 

Diospyros. The heartwood of several species of this genus constitute different 
kinds of Ebony. D. Ebenus (Fig. 1660) furnishes the Mauritius Ebony ; D. 
Mdanoxylon, the Ebony of Coromandel; D. Ebenaater, the bastard Ebony of 

Fig. 1660. Dtospyros Ebenuiy the Ebony trce^ belonging to the Nat. Oid. Ebenaccoe. It seems to 
be the Hebrew Hohnlm, translated Ebony in Ezek. xzvn. 16. 
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Ceylott) tnd D. hlriuU, the variegated Oftlamand w r iroodof DiKski 

produces on edible plum-like finit celled in Japan Keg-fig. B. virginiana, the 
Persimmon, has an auatere firdt, which heoomee sweet in the progress of ripening, 
more espedally after firost The bark of the tree is astringent 

1842. Nat. Ord. 134. — AQUirouACBjas or Ilioacb.®, the Holly 
order (Fig. 248, p. 112). — Evergreen trees or shrubs, with coriaceous, 
exstipdate leaves, and small axillary flowers. Calyx of 4-6 sepals. 
Corolla 4-6-parted. Stamens 4-6, alternate with the corolline seg- 
ments ; anthers dehiscing longitudinally. Ovary 2-6-celled ; a single 
pendulous ovule in each cell. Fruit fleshy, containing from 2 to 6 
nucules. Embryo minute in fleshy albumen. Natives of various 
parts of the world, but sparingly distributed. Species 110. HL Gen. 
— Cassine, Ilex, Prinos, Byronia. 

1343. Bitter, tonic, astringent, and emetic properties exist in the 
order. Some are used in the same way as tea. 

nex Aqtiifolium, the common Holly (Fig, 248, p. 112), has a tonic bark, which haa 
been used in intermittents. Its berries cause vomitiDg and purging. Bird-lime 
is obtained from its bark. 1. paraguayensis is caUed Mat6 in Sonth America, 
where its leaves are used for tea, which is called Congonba. They contain 
Theine. The plant is used universaUy throughout Brazil, Uragnay, Paraguay, 
the Plate District, Chili, and Peru. The leaves of 1. vomitoria are used in the 
preparation of the black drink of the Creek Indians. 

Prinos verticillatus is used as a tonic in Korth America. 

1344. Nat. Ord. 135. — Sapotace^, the Sapodilla order. — Trees 

or shrubs, often with milky juice, alternate, coriaceous, entire, exsti- 
pulate leaves, and hermaphrodite flowers. Calyx 4-8-parted. Co- 
rolla 4-8-cleft, sometimes with numerous segments. Stamens definite, 
half of them petaloid and sterile ; anthers extrorse. Ovary 4-12-oelled, 
with a single pendulous ovule in each cell ; style 1, Fruit baccate. 
Seeds with a bony testa, usually albuminous. Natives of the tropics 
chiefly. Species 212, 121. Gen. — Chrysopbyllum, Sapota, Acbras, 

Isonandra, Bassia, Mimusops. 

, 1345. The fruit of many of the plants of this order is edible. 

The bark is bitter and febrifugal. Some fiimisb caoutchouc, and 

others fatty matter. 

Acbras Sapota produces the edible Sapodilla Plum ; A. mammosa, the fruit called 
Marmalade. The seeds of the former are aperient, and its bark is febrifiigal. 

Bassia bntyracea has an oily fruit which frunishes a kind of butter used in Nipal. 

The Shea, or Galam butter of Mungo Park, is the product of another species. The 
flowers of Bassia latifolia, the Mahooa, are coUec^ after they fall, and are used 
for food, and for the distillation of spirits. A single tree will yield 200 to 400 lbs. 
of flowers. The fruit of B. longifolia gives oil for lamps. 

ChrysophyUum. The species of this genus supply fruit for dessert. C. Cainito is 
Star-apple. 

Isonandra Gutta is the Taban-tree, which furnishes Gutta Percba. 

Mimusops. The species have edible fruits, some of which, as that of BL Elengi, are 
said to be excellent. The flowers of this plant arc aromatic, and its seeds are 
oily. 

1346. Nat. Ord. 136 . — Mybsinace/E, the Myrsine order. — Trees or 



850 


JA6MiNA0£L£ — OLEACEiB* 


dmibs, with coriaceous, exstipulate, smooth leaves, and flowers often 
marked with glandular dots or lines* Calyx and corolla 4-5-cleft. 
Stamens 4-5, opposite the corolHne segment^ occasionally 5 alternate 
sterile ones. Ovary unilocular, with a free central placenta in which 
the ovules are imbedded. Fruit fleshy. Seeds 1 or more, with homy 
albumen. The plants are said to resemble Frimulacem in everything 
except their arborescent habit, fleshy fruit, and pitted placenta. They 
are limited in their geographical range, and abound in islands with 
an equable temperature, as the islands of the Indian Ocean, Mauritius, 
Bourbon, and Madagascar. Many of them are handsome evergreen 
shrubs. The seeds of Theophrasta Jussiaei supply flour for bread 
in St. Domingo, and the fruit of Myrsine africana is mixed with bar- 
ley for the food of asses in Abyssinia. Species about 320. IW. Oen . — 
Mffisa, Embelia, Myrsine, Ardisia, Jacquinia, Theophrasta. 

1347. Nat. Ori 137. — Jasminaceje, the Jasmine order. — Shrubs, 
often twining, with opposite or alternate, usually compound leaves. Calyx 
and corolla regular, with 5-8 divisions. Stamens 2, included within 
the hypocrateriform corolla. Ovary 2 -celled. Fruit a double berry or 
capsule. Seeds with little or no albumen and a straight embryo. 
Natives principally of tropical India. They are remarkable for their 
fragrance. The oil of Jasmme is obtained from Jasminum officinale 
and J. grandiflorum. The flowers of Nyctanthes Arbor-tristis are 
valued as a perfume in India. Species 100. Ill, Gen, — Jasminum, 
Nyctanthes, Monodora. 

1348. Nat. Ord. 138. — Oleaceab, the Olivo order (Figs. 1561 to 
1564.) — Trees or shrabs with opposite, 
simple, or pinnate leaves. Calyx persist- 
ent, sometimes 0. Corolla 4-cleft, some- 
times of 4 petals connected in pairs, some- 
times 0. Stamens usually 2 (Fig. 1563). 

Ovary 2-celled; ovules 2, pendulous in 
each cell. Fruit fleshy (Fig. 1562) or 
dry, often 1-seedcd by abortion (Fig. 1564.) 

Seeds albuminous ; embryo straight. Na- 
tives of temperate climates. Species 130. 

Fig. 1663. I^^* Gen, — Chionanthus, Olea, Phillyrea, 

Ligustrum, Fraxinus, Omus, Syringa. 

1349. Some of the plants of the order have emol- 
lient and laxative properties; others are bitter, tonic, 
and febrifugal. Some supply oil, others manna. 

Fig. 1664. 

Fraxhms ezcelsiori the Aeh. This ie distinguiabed by its samaroid 

fruit. It yields a sweet secretion. Its bark is febrifugal. Its leayes have been 
recommended in gout and rheumatism. 




Figures 1561 to 1664 iUuftrate the natural order Oleaoos. 

Fig. 1661. Olea europasaiOlive tree. Fig. 1663. Branch of Olea europ8Ba,01iTe, with dmpM. The 
plant Is often used in Sorlsitore to mark a fertile oonotry ^ut. yI. 11, vlii. 8, xxTiii. 40^ Ido.) The 
wood was used for making the Cherubim and for doors ancTtoets (1 Ki^ vl. 28, 81, 82). Fig. 1568. 





Fig. 1661. 


Pig. 1662. 


Florence and Provence. Ita bark is reputed tonic^ and exudes a rerin which con- 
tains a crystalline principle, olivine. It is the Hebrew Zait or Sait, and the Greek 
Elaia, frequently mentioned in Scripture. 

Two varieties of Olive-trees are distin- 
guished, the long-leaved, which is culti- 
vated in the South of France and Italy, 
and the broad-leaved in Spain. The wild 
Olive, called by the Greeks Agrielaia, was 
alow spiny tree, the branches of which were 
grafted on the cultivated Olive (Rom. xi. 

17, 24). Olive trees attain a great age. 

Some of those in Palestine are calculated at 
2000 years old. The trw is one of the ear- 
liest mentioned in the Bible (Gen. viii. 11). 

Its oil and wood were highly prized. Olea 
fragrans is used in China to perftime tea. 

Omus rotundifolia is called Hanna-ash, on 
account of its sweet exudation, to which the 
name of manna is given at the present day. 

A similar product is yielded by 0. europssa. 

1350. Nat. Ord. 139.— Salvadora- 
CEiB, the Salvadora order (Fig. 1565).- 



Fig 1666. 


-Small trees or shrubs, with 


Naked (Aohlamydeous) flower of Frazinus excelsior, the Ash, showing 2 stamens and a 2-oelled 
pistQ. !Flg. 1B64. Bamarold fruit of the Ash, laid open to show the soUtaiy anatropal pendulous ovule 
filling the single perfisot cell 

Fig. 1666. Salvadora persica, belonging to the natural order SolvadoraceR. It is the Greek 8iniq>i, 
trsnsUted Mustard in the New Teetament (Matt xiU. SI, xvii. 20 ; Mark tv. 31 ; Luke xiil. 19, xvU. 
6). The Arabic name for mustard, Khardal, Is applied at the present day to this tree in Faicitine, 
and its seeds are used in the same way fti mustard. 
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opposite leaves and rainnto panicled flowers. Calyx of 4 minute 
sepals. Corolla 4-partite. Stamens 4. Ovary superior. Fruit 
baccate, I -celled. Seed solitary, exalbuminous. The order is consi- 
dered by Plauchon as allied to Oleace®. Natives of Syria and India. 
III. Gen. — Salvadora, Bouea. 

1351. The plants are acrid and stiiaulant, and some of them have 
properties like Mustard. 

Salvadora persica (Fig. 1565) appears to be the Mnstard^plant of Scriptnie. It has 
a small seed which grows into a tree. It is found in Per^ Arabia, Palestine, 
and North Ahrica, and seems to be different from the Indian plant, which is S. 
Koenigii or S. in^ca. 


1352. Nat. Ord. 140. — Asclepiadace.®, the Milkweed order (Figs. 




1566 to 1570).— "Ijactesceiit, often twining shrubs or herbs, having 

Figurei 1566 to 1670 Ulostrate the natural order Asclepiadacen. 

Fig. 1666. Flower of Asdepias, showing the united stamens surrounding the pistils. The sta. 
mens have hom-Uke appendages, «, which form a staminal crown. The sepals and petals, p, are 
reflexed. Fig. 1667. One of the stamens of Asdepias removed, showing the filament, /, the anther 
a, containing pollen masses, and the peculiar staminal appendage, p. Fig. 1668. Pistil of Asdepias, a 
with poUen masses, p, adhering to the stigma, t. Pollen masses, 4, detached ftom the stigma! 
united byagland4ike body. Fig. 1669. Comose seed of Asdepias. Fig 1570. Stapdia variegate, 
one of the Carrion flowers, so called from their fetid odour. The plant has a lesemblanoeto aCaotwi 
or Euphorbia In its stem and branches. 
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entire, usually opposite leaves, with interpetiolar stipulary cilia. Calyx 
5-divided. Corolla 5-lobed, eestivation imbricate, rarely valvate. Sta- 
mens 5 ; filaments usually connate ; pollen in wax-like masses (Fig. 
1568, 5), cohering in pairs and attached to glands at the five angles 
of the stigma (Fig, 1568,p), which is common to the two styles. Fruit 
consisting of two follicles, containing numerous comose seeds (Fig, 
1569), with thin albumen. Chiefly tropical plants, found in Africa, 
India, and America. Species about 920. Ill Gen. — Hemidesmus, 
Periploca, Secamone, Solenostemma, Calotropis, Oynanchum, Asclepias, 
Gonolobus, Stephanotis, Dischidia, Hoya, Ceropegia, Stapelia. 

1353. The Asclepiads have acrid, stimulating, purgative, diapho- 
retic, and emetic properties. Most of the species have milky juice con- 
taining caoutchouc. 

Asclepias tuberosa, the Butterfly-weed or Pleurisy-root, is employed medicinally in 
North America as a laxative and diaphoretic. A. curassavica is called Wild 
Ipecacuan in the West Indies, on account of its emetic qualities. Some species 
of Asclepias are called in America Wild Cotton, on account of the hairs attached 
to their seeds. A. tenacissima yields Jetee or Tongoose fibre. 

Calotropis gigantea is the Mndar plant of Bengal, The bark is emplo 3 red medici- 
nally as an emetic and diaphoretic. It contains a substance, mudarine, remark- 
able as being less soluble in hot than in cold water. It is said to yid.d Yeroum 
fibres. C. procera (Hamiltonii), is another species which supplies Mudar ; speci- 
mens of which have been transmitted to the Botanical Museum at Edinburgh 
by Lieutenant R. Maclagan. 

Oynanchum monspeliacum has a purgative juice which is used at Montpellier to 
adulterate Scammony. C. vincetoxicum, which is emeto-cathartic, derives its 
name from supposed virtues as an antidote to poisons. 

Dischidia Rafflesiana, a twining plant of India, is fhmished with asddia. 

Gomphocarpus fruticosus, is called Argel in Syria, and is said to be used as an adul- 
teration of Senna. It sometimes receives the name of Silk-plant. G. peduncu- 
latus has an edible root. 

Gymnema lactiferum yields a bland milk, and is called the Cow-plant of Ceylon. 

Hemidesmus indicus is called Indian Sarsaparilla, because its roots are used in 
India as a substitute for that drug. It contains a solid volatile matter, which 
gives it aromatic qualities. 

Hoya. The species of this genus, from the peculiar appearance of their flowers^ ate 
denominate Wax-plants. 

Marsdenia tinctoxia supplies a blue dye resembling indigo. 

Periploca mauritiana yields the purgative secretion called Bourbon Scammony. 

Solenostemma (Cynanchum) Argel. The leaves of this plant are used for adulte- 
rating Alexandrian Senna. 

Stapelia (Fig. 1570). The species of this genus have fetid flowers (p. 547). 

1354. Nat. Ord, 141. — Apocynaceas, the Dogbane order (Figs. 
1571-1573). — Trees or shrubs, usually milky, allied to the Asclepia- 
dacea3, and differing from them in the contorted aestivation of the corolla, 
distinct filaments (Fig. 1572), granular pollen, and a peculiar hourglass- 
like stigma (Fig. 1573). Natives of the tropics of Asia, America, and 
Africa. Species 570. Ill Gen, — Allamanda, Carissa, Cerbera, Tan- 
ghinia, Urceola, Vinca, Plumiera, Balfouria, Strophanthus, Norium, 
Apocynum, Echites, Oleghornia, Mandevilla. 

1355. Many of the plants are poisonous, some are drastic purga- 
tives. The bark is sometimes tonic and febrifugal. The milky juice 
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Fig. 1671. 


Fig. 1572. 


Fig. 167.3. 


Apoc 3 rnum cannabinum has emetic roots. A. androsiemifolium has similar quali- 
ties. 

Aiqpidosperma excelsum supplies the peculiarly fluted yarroura-wood, fine specimens 
of which are seen in the Edinburgh Museum of Economic Botany. It is used 
for making paddles in Guiana. The wood was formerly import^ into Glas- 
gow, and used for gin rollers in the machinery sent to Demerara for cleaning 
cotton. 

Collophora. Two species on the banks of the Rio Negro yield a bland milky juice. 
One of the species is called Cuma-i, Sorveira, or Cow-tree. Its milk is sweet 
and viscid, and, when dry, resembles caoutchouc. 

Nerium oleander, Rose-Bay (Fig. 284, p. 106), is said to be the Rhodon of the Apociy- 
pha, translate Bose. It is a pohK>nous plant with showy flowers. Its stamens 
have feathery prolongations from the connective (Fig. 648, p. 233). N. odorum 
has similar quMities. 

Flnmieria Mulongo has soft and white wood, which is used for making spoons and 
other articles in the Amazon district. 

RoupeUia grata produces what is called Oeam-fruit in Sierra Leone. 

Tabemaemontana utilis is the Cow-tree of Demerara, the milky juioe of which is 
nutritious. 

Tanghinia venenata yields the funous ordeal poison of Madagascar, called 
Tanghin. 

Uroeola elastica receives its specific name from yielding caoutchouc. 

Vahea madagascariensis and Y. gummifera, also furnish caoutchouc. 

Wrightia tinctoria supplies a blue dye like Indigo. ' 

1856. Nat. Ord. 142. — ^Loganuce.® or Spigbliace®, the Strych- 
nia order (Fig. 1574).— Shrubs, herbs, or trees, with opposite, entire, 


ilguree 1671 to 1678 Ulustrate Uie natural order Apooyuacefe. 

1671. niagiam of the flower of Vinca, FeriwloUe, showing 6 diTiilons of the oalyx, alternat- 
ing with five of the twitted eorotla, 6 stamens alternating with the ooroUlne segments, and 2 carpels 
formiiig the pistil. Fig. 1572. Vertical seotimi of the flower of Vinca, abowlng the stamens attached 
to the gamopetalous corolla, and the peculiar stigma. Fig. 1573. Pistil of Vlnoa separated, showing 
the remarkaUe stigma, t, covered with hairs, and having an hourglass oontraotion in uie middle. 
Ovary, o, with disk, d, style, t. 
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stipulate leaves. Calyx inferior, 4-5-parted. Corolla 4 5 or 10-cleft ; 
sestivation oonvolnte or valvate. Stamens yawing in number, not always 
isomerons with the corolla. Fruit a 2-oelled capsule, 
with loose placentas, or a berry, or succulent, with 
1 or 2 nucules. Seeds usually peltate, albuminous. 
Chiefly tropical. Known species 170. lU. Om. 
— Spigelia, Strychnos, .Gardneria, Logania, Fag- 
ma, Potalia. 

1357. The plants of this order are highly 
poisonous. They produce tetanic convulsions and 
narcotism. Some of them are used medicinally 
as active remedies in certain kinds of palsy. In- 
tense bitterness is met with in some of the species, 
and in very moderate doses they act as tonics. 

Ignatia amara, St. Ignatios’a Bean, producea convulsions and death. In very small 
doses it is tonic. 

Spigelias are said to be acro-narcotic. The root and leaves of 8 . marilandioa, Caro- 
lina Pink-root, and of S. Anthelmia, are used as vermUtige^ but th^ require to 
be administered cautiously. 

Strychnos is a very poisonous genus. The peltate seeds of S. Nux-Vomica (Fig. 
1574), produce powerfbl effects on the spinal marrow, and cause death by tetanus. 
They contain the alkaloid called Strychnia, which in doses of 1 of a grain, is 
given in cases of paraplegia, unaccompanied with head symptoms. Another 
poisonous alkaloid called Brucia, also exists in the seed. The fruit is about the 
size and colour of a small orange having a brittle shell, enclosing a pulp. Its 
bark constitutes fedse Angustura. The bark of the root of S. Tieutd supplies the 
Java poison called Upas Tieut4, while S. toxifera is said to be the basis of the 
famous Woorali, Ourari, or Uirari poison. S. cogens is used to poison arrows in 
Panama and Darien. Other species, such as S. pseudoquina, are chiefly bitter 
and tonic, and have been prescribed in cases of intermittent fever. The bark of 
the latter is known as Cop^che bark. S. potatorum is the Clearing-nut of India 
used to clarify muddy pond or river water. 

1358. Nat. Ord. 143. — GENTUNACEic, the Q^ntiau order (Figs. 
1575 to 1577, and Fig. 369, p. 155). — Herbs, rarely shrubs, with 
opposite, entire, exstipnlate, usually ribbed leaves, and showy variously- 
coloured flowers. Calyx ivided (Fig. 486, p. 196), persistent Co- 
rolla persistent, imbricate, induplicate, often twisted in aestivation, 
sometimes with a fringed limb. Stamens alternate with the corolline 
segments. Ovary of 2 carpels, placed to the right and left of the 
axis, one-celled, with 2^ parietal, often introflexed, placentae (Fig. 
1577) ; style 1 ; stigmas 2. Fruit a capsule or berry. Seeds 
numerous, with fleshy albumen and a minute embryo. Natives of 
almost all parts of the world. Some are found at an elevation of 
16,000 feet, others in hot tropical plains. Species about 460. HI, 
Gen, — G^entiana, Swertia, Agathotes, Ohironia, Exacmn, Cicendia, 

Fig. 15f4. Strydmoc Nax<Vamioa, the Foifon-nut orKoochlo, a tree abounding on the Malabar 
and Coromandel ooaati. It baa oppoake ribbed leaves, a round fr^t, b, of a reddish oolonr, about the 
Mae of a pmall orange. The seeds, o, are circular, flat, and nmbllicated on one snrfhos. They 
oontaiii abundant albumen, d, and a small embryo. 

Bk 
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BtyAna, Sabbatia, Ohlora, IJsianth™, Menyanthea, Villanaa, Lim* 



Big. 1676. Fig. 1576. Fig. 1677. 


1359. Bitterness is the property which prevails generally in this 
order. Occasionally the species have emetic and narcotic qu^ities. 

Agftthotes Chirayta of the Himalayay is used in medicine as a tonic and stomachic. 

Etythroa Centanrium, common Centaury, a native of Britain, has similar properties. 

Frazera Wolteri, a Korth American plant, has a bitter root, which is ns^ as a 
substitute for Calumba. 

Gentiana lutes, the yellow Gentian of the Alps, is a medicinal plant Its root is used 
as a bitter tonic. 

Henyanthes trifoliata, Bog-bean or Buck-bean, is a native bitter. Its rhizome is 
employed in the same way as Gentian, and it has been recommoided as a substi' 
tute for hops. 

1360. Nat. Ord. 144. — BiononiaceuE, the Trumpet-flower order. 
—Trees or twining or climbing shrubby plants, with exstipulate, 
usually opposite and compound leaves, and showy, often trumpet- 
shaped flowers. Their woody stem is sometimes divided in a cruci- 
form maimer. Calyx entire or divided, often spathaceous. Corolla 
with a swollen throat, and a more or less irregular 4;5-lobed limb. 
Stamens 5, unequal, one generally abortive ; sometimes didynamous. 
Ovaiy surrounded by a disk, 2-celled ; carpels anterior and posterior ; 
placentas in the axis. Fruit a 2-valved, often pod-like capsule, 
divided by a q)urious placental dissepiment. Seeds winged, exalbu- 
minous ; embryo with broad leafy cotyledons. Natives of America. 

Kgurai 1676 to 1677 Uluttrate the natural order Gentiaaaoen. 

llg. 1676. Dlagtain of the iawet of Gentiana, Bhowing five parti of the calyx, fire imbricate dhri* 
•koa of the corolla, five itamdha, and a bicarpellary ovary, with numerous ovulea. Fig. 1676. Vertical 
•ectiou of the fiower of OenUana aemlii, ahowiug divided calyx, induplioata corolla, epiooroUini 
itanana, biearptUaiy cfvary, oae-ceUed, with nnmerona ovulea attached to parietal plaoeataa. Big. 
1677. Capiale of GenUaa. ihowiBg the two carpel! with parietal placental and ovulea. Iheearpeli 
an placed to the right and left of the axil. 
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The bask of Jaoaxanikb bahameosis, PaM de Baba, Is used In ihe isih* 
mns of Panama as an anthelmintie. Bignonia Ohioa sn^^Hes a ted 
dye called Oan^nne, nsed by the Indians of South America for ]^tmg 
their bodies and their arrows. Species 450. Ill, Bigxu>nia, 
Calosanthes, Teooma, Jacaranda, E^remocarpus. 

1361. Nat. Ord. 145.— Gesneracbjb, the Gesnera order (including 
Cyrtandrace®).— Herbs or shrubs, often growing from scaly tubers, 
with rugose, usually opposite and whorled exstipulate leaves, and 
showy flowers. Calyx half-adherent, 5-parted. Corolla more or less 
irregular, 5-lob6d. Stamens 2, or 4, didynamous, with the rudiment 
of a fifth ; anthers often combined. Ovary 1-celled, surrounded by a 
disk in the form of glands or a ring. Fruit capsular or succulent, 
1-celled, with 2 lobed parietal placentas to the right and left of the 
axis. Seeds numerous, albuminous. They are natives of various 
parts of the world, chiefly the warmer regions of America. The succu- 
lent fruits are occasionally eatable, and some of the species yield a 
dye. Species 270. Ill, Oen, — Columnea, Gesnera, Niphma, Achi- 
menes, Gloxinia, -^schynanthus, Didymocarpus, Chirita, Streptocarpus, 
Aamondia, BhaMothamnus, Christisonia, Championia, Cyrtandra. 

1362. Nat Ord. 146. — Cbescentiace^, the Calabwh-tree order. 
— Small trees, with exstipulate leaves, and flowers growing out of the 
old stems and branches. The plants are allied to Bignoniace®, from 
which they differ in their parietal placentas, their wingless seeds, fleshy 
cotyledons, and in the pulpy contents of their woody indehiscent fruit. 
Natives of tropical regions. Crescentia Cujete, the Calabash-tree, has 
a gourd-like fruit with a hard shell which is used for bottles. The 
fruit sometimes attains a diameter of two feet, and is used as a float in 
crossing rivers in Africa. Colea cauliflora receives its specific name from 
the mode in which its flowers appear on the naked stem. Species 34. 
III. Oen. — Crescentia, Parmentiera, Colea. 

1363. Nat. Ord. 147. — ^Pedaliaceje, the Pedalium order, — Glan- 
dular herbs, with exstipulate leaves and large bracteated flowers. They 
are allied also to Bignoniace®, from which they differ in their parietal 
placentation, their wingless seeds with a papery episperm. From 
Crescentiace® they are distinguished by the want of pulp in the Iruit. 
The ovary, at first 1-celled, sometimes becomes divided by placental 
septa into 4 or 6 cells. Natives of tropical countries, especially Africa. 
Species about 25, lU, Oen. — Martynia, Pedalium, Uncaria, Pretrasa, 
Sesamum. 

1364. The plants of the order have generally a heavy odour. 
Their seeds yield oil as well as starchy matter, 

Martynia proboaeoidea has remarkable hooked appendages to its fruit 

Sesamum orlentale. The seeds of this plant are called Teel seeds, and yield a fixed 
oil, which is sometimes used under the name of Gingilee oil, to adulterate oil of 
Almonds. 

Unoarla. This name indicates the ho<^ed nature of the fruit U. proenmbens is 
called the Grapple-plant at the Cape. 

1365. Nat. Ord. 148 . — ^Polemonuce^, the Phlox order (Figs. 
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1578 and 1579). — Herbs, with opposite or alternate leaves. Caljx 
5-cleft. Corolla regular, 5 -lobed, convolute. Stamens 5, alternate with 
the corolline lobes ; pollen blue. Ovary superior, 3-celled ; style 1 ; 

stigma trifid. Cap- 
sule 3-celled, 3- 
valved, valves 
separating from { 
the axis. Seeds 
albuminous, often 
with a mucous 
covering contain- 
ing spiral threads, Fig 1578 . 

which spread out 

in coils when water is applied (page 19). 
Natives chiefly of the temperate parts of 
America. Polemonium caeruleum (Fig. 
1579) is commonly cultivated under the 
name of Greek Valerian. Species 104. 
III. Oen. — ^Phlox, Collomia, Gillia, Lep- 
tosiphon, Polemonium, Cantua, Cobaea. 

1366. Nat. Ord. 149. — Hydro- 
PI 1 YLLACE 2 B, the Hydrophyllum order. — 
Herbs or small trees, usually with alter- 
nate and lobed hispid leaves. Calyx 
5-cleft, often with appendages, persist- 
ent. Corolla regular, somewhat bell- 
shaped. Stamens 5, alternating with the 
corolline lobes. Ovary superior, with 2 
parietal placentas, which often line the 
ovary; styles 2 . Fruit a 2 -valved, 1 - 
celled, or spuriously 2 -celled capsule, 
filled with a large placenta. Seeds 
reticulated ; embryo small in hard albu- 
men. Natives chiefly of the temperate 
parts of America, Some species are tro- 
pical. Species 75. El, Gen, — Hydro- 
phyllum, Nemophila, Eutoca, Phacelia, Hydrolea, Nama, Codon. 

1367. Nat. Ord. 150, — Diapensiace.®, the Diapensia order. — 
Prostrate shrubby plants, with crowded heath-like exstipulate leaves 
and solitary terminal flowers. They are in many respects allied to 
Polemoniaceae, from which they differ chiefly in their imbricated bracts, 
transversely 2 -celled anthers, and peltate seeds. These characters with 
the 3 -celled ovary £dso separate them from Hydrophyllaceae. Natives 


Fig. 1679. 


Fignnt 1578 tad 1579 illoitrate the nataral order Folemoniaeeee. 

lig. 1678. Djagrem of the flower of PolemoniTuo eteruieom. ihowing flvedivisiouiof the calyx, five 
eoDTolute lobes of the corolla, five alternating stamens, and a trioarpellaxy ovary. Fig. 1579. Pole- 
moniam ceenileam, Greek Valerian, or Jacob’s laddgr, with its pinnate loaves, cymose inflorescence, 
and rotate corolla. 
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of northern Europe and North America, Species 2, lU* Gen.-— Dia- 
pensia, Pyxidanthera, 

1368. Nat. Ord. 151. — ^Convolvulacejs, the Convolvulus order 
(Figs. 1580 to 1582, and Pigs. 140 and 141, p. 52).— Herbs or shrubs, 



Jjlg. 1600. Fig. 1682. IfiCl. 


usually twining (Fig. 141, p. 59) and lactescent, with alternate, exsti- 
pulate leaves and regular flowers (Fig. 1581), having a unifloral or 
multifloral cymose inflorescence. Calyx 5-divided, imbricated, persis- 
tent. Corolla plaited. Stamens 5, alternate with the corolline lobes. 
Ovary free, 2-4-celled ; ovules 1-2 in each cell, erect; styles united, 
often divided at the apex. Capsule 2-4-celled, sometimes by absorp- 
tion 1 -celled, septifragal. Seeds large, with mucilaginous albumen ; 
embryo curved (Fig. 1582), with crumpled cotyledons. Chiefly natives 
of the tropics. Species about 665. Ill, Oen, — Evolvulus, Calysteg^ 
Convolvulus, Exogonium, Ipomoea, Quamoclit, Batatas, Fharbitis, 
Dichondra. 

1369. The order is characterised by purgative properties, and it 
contains some important medicinal plants. 

ConvolynliiB, Bindweed, has many showy species, the roots of which yield a resi- 
nous exudation, having cathartic properties. C. Scammonia is the source of 
the purgative gum-resin, Scaramony. The root of C. sepinm, called also Caly- 
stegia sepinm, yields a similar product. C. Batatas (Batatas edulis), on the 
other hand, has a saccharine root, which is called Sweet Potato. 

Exogonium (Ipomoea) Purga is the plant which yields Jalap. It is a native of 
Mexico, and can be cultivated in die open air in many parts of Britain. 

Ipomoea macrorhiza has large edible farinaceous roots. I. Orlzabensis yields an 
inferior kind of Jalap, known as fusiform, or light Jalap. 

Fharbitis Nil, called Merchai in Bengal, has purgative see^ 

1370. Nat. Ord. 152. — CuscuTACEiB, the Dodder order (Figs. 
1583 and 1584). — ^Leafless parasitic twining herbs, generally reckoned 
a sub-order of Convolvulace®. They are marked by scales altemat- 

nguTM 1660 to 1602 illustrate the natural order Convolvulacee. 

ng. 1680. Diagram uf the flower of Oalystegia (Ckm?olnilus) sepiom, Great Bindweed, showing two 
bracts, Ihm divisions of the calyx, five lobes of Uie plaited campannlate corolla, five stamens, and a two- 
celled onuy, with two ovnles in each cell. Ftg. 1681. Convolvnlns Scammonia, the Scammony plant, 
found in Greece and the Levant. The concrete milky juice of tjie large root oonstitntee Scammony, 
ndiich is imported from Smyrna. The root of Calyetegia sepinm (Pig. 140, p. 69), supplies a spnrions 
kind of Scammony. Fig. 1682. Seed of Oalystegia i^lum cut vertically, showing the curved embryo 
and plaited eotyldhms, with the maoilaginons albumen. See also Fig. 1811, p. 780, which Uhislvitee 
the afflultles of the order. 
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iiig witli the oorolline lobes, and a filiform spiral acotykdonoas embryo. 
The seeds germinate in the usual way, and afterwards the plants 
become true parasites. Some of 
them destroy Flax, Clover, and 
other crops (p^ 696). They 
are also purgative in their quali- H|||||P 
ties. Natives of temperate re- 
gions. Species 50. III. Gen , — Hg.iBSi. 
Cuficuta, Epilinella, Lepidanohe. 

1371. Nat. Ord. 153. — CogsDiACEJS, 
the Sebesten order. — ^Trees with alternate, 
exstipulate, rough leaves. Calyx 4-5- 
tootbed. Corolla 4-5-cleft, regular. Sta- 
mens alternate with the coroUi^ segments; 
anthers versatile. Ovary superior, 4-8- 
celled ; stigma 4-8-cleft. Fruit dru- 
paceous, 4-8-celled, with a single exalbu- 
minous seed in each cell, pendulous by a 
long cord. Embryo with plaited cotyle- 
dons. The drupes of Cor^ Myxa and 
C. latifolia are called Sebesten plums, and 
are used as food. The bark is tonic. The 
plants of this order are natives of the tro- 
pics. Species 180. Ill Gen. — Cordia, 
Myxa, Varronia, Sebestena. 

1372. Nat. Ord. 154. — ^BoRAGiNACEiE, the Borage order (Figs. 
1585 to 1588). — ^Herbs or shrubs with round stems, alternate, rough 
leaves, and flowers in scorpioidal cymes (Fig. 1585). Calyx 4-5- 
divided, persistent. Corolla usually regular, usually 5-cleft (Fig, 1586), 
imbricate, often with faucial scales (Fig. 1587). Stamens alternate 
with the coroUine segments. Ovary 4-lobed ; style basilar (Fig. 1588). 
Fruit 2 or 4 distinct achenes. Se^ exalbuminous. The plants were 
called Asperifoli© from their rough leaves. Natives of the northern 
temperate regions principally. Species 683. Ill Gen. — Cerinthe, 
Echium, Borago, Symphytum, Lycopsis, Anchusa, Onosma,Pulmonaria, 
Myosotis, Asperugo, Cynoglossum, Omphalodes. 

1373. Demulcent mucilaginous qualities pervade the order. Some 
of the plants yield a dye, others are used as pot-herbs. 

Aachosa tinctoria, AUumet, as well as other pla&tsjot the order, yields a reddish 
brown dye^ which is procured from its roots. 

Borago offidnaUfy Borage^ when steeped in water, imparts coolness to it 

Hertensia maritima, a tea-shore plant, has leaves which taste like oysters. 

Uyoeotis pelustrls is the Fotget-me-not It is a marsh species, with spreadiag hairs. 

rigeres tdSS and 16S4 iUostrate the aatonl order Ciueataceie. 

Fig. 1683. A spedee of Cascnta or Dodder, a parasitic plant, desimetive to crops of Fits and 
Clover. Siidcers are sees os ite teriaiiig item, by means of which it attaches itself to living pbmts. 
(See page 606). Fig. 1884. Seetios of the leed of Dodder, showing the flltfonn apfaml acolyledoBOiu 
embryo iononsding the fleshy aUmmen. 
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Symph/tnm a native (tf thaOaiicasiii^ has been enltirated in QrHidn aa 

fon^ It ia pardcnlarly recommeadeii aa eaptaying nonriahment for piga 



Fig. 1686. 





Fig. 1686. 


1374, Nat. Ord. 155. — Ehketiaceje, the Ehretia order. — ^The 
plants of this order are often reckoned a sub-division of the Borage 
order, from which they differ in their terminal style, proceeding from 
a concrete 4-celled ovary, and their drupaceous fruit. Some of them, 
as the Peruvian Heliotrope, have a fragrant odour. They are gene- 
rally tropical trees or shrubs. Species 297. III. C?cn.— Ehretia, 
Toumefortia, Heliotropium. 

1375. Nat. Ord. 156. — NoLANACE.ffi,theNolanaorder. — Herbaceous 
or shrubby plants with alternate exstipulate leaves, having characters 
in common both with ConvolvulaceeB and Boraginaceie. Their dis- 
tinguishing characters are their straight inflorescence, valvate calyx, 
plaited corolla, ovary composed of 5 or more separate caipels, variously 
combined, united styles, somewhat capitate stigma, and embryo curved 


FignrM 1686 to 1668 illnitnte the natural order BenginaeeeB. 

Fig; 1686. HyoeoUa palnatrii, Forget-me-not, ehowing gyrate or eeorpioidal infloreieeiioe, alternate 
learei, round item, rotate corolla. Fig. 1686. Flower of Symphytum, Gomfrey, with a flr»>partite 
hairy calyx, andafiye-lobed tabnlar-camiAnalate corolla. Fig. 1687. The lame laid open to ihow epi- 
cordUine itameni and soalea between them. Fig. 1586. Fruit of Myoeotii} a, four aohenea with 
baailar ityle ; 6, fruit cut vertically, ehowing twoachenea attached to the axil, whence the ityle appeare 
to proceed. 

Farther illnitrationi of Botaginaoea t—CoroUa of Myoaotii, itameni and icalea, F^. 6M, p. 906 1 
Fig. 698, p. 899. Flower of lycopaii arvenina. Fig. 660^ p. 811. Stamen and appendage in Bocgga, 
ng.681, p.9a0. FiatUof Cerintbe,Fig. 700,p.846. Fruit of Symphytum, Fig. 789, ^ 988. AIm 
F ig. 1811, p. 780, which ihowf the afflnitiei of the order. 
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in A small quantity of albumen. South American f^lanta* Species 35. 
lU^ Oen* — Kolana, Alona, Sorema. 

1376. Nat. Oi^ 157. — SoLANACEiE, the Potato order (Kgs. 1589 
and 1590). — ^Herbs or shrubs with alternate, often geminate leaves, 
cymose, generally extra-azillaiy infioiesoenoe, and isomeions flowers. 
Calyx and corolla, with 5, rarely 4, partitions. CoroUine lobes nearly 

equal, sBStiyation valvate or indupli* 
cato-valvate. Stamens 5, very rarely 
1 sterile; anthers opening by slits or 
pores (Fig. 1589). Ovary generally 
bilocular ; style simple ; stigma 2 -lobed 
or clavate. Fruit capsular or baccate 
(Fig. 1590), with 2 cells, rarely more 
from placental septa. Seeds albumin- 
ous ; embryo curved (curvembryeae) or yig. 1509 , 
straight (rectembryeie). Natives of 
various pajis of the world, and abundant within 
the tropics. Ilh Qen. — Mettemichia, Oestrum, 
Habro^amnus, Jaborosa, lochroma, Physalis, 
Capsicum, Witheringia, Solanum, Lycopersicon. 

1377. The plants of this order do not display the marked narcotic 
properties of the next order, and their juice, according to Dr. T. Ander- 
son, does not cause dilatation of the pupil. Some of them yield edible 
tubers and fruit, others are tonic, pungent, and stimulant. 

Capsicam. The species of this genus yield Cayenne-pepper and Chillies, which are 
acrid and irritant: 0. annunm is the common Capsicum, the fruit of which is 
not so pungent as that of C. fnitescens, C. minimum, and 0. baccatum, which 
receive the name of Bird-pepper. There are numerous varieties of Capsicum. 

Lycopersicon escolentum produces the Tomato, or Love-apple, which is used for 
sauce. 

Physalis peruviana yields an edible berried fruit called Peruvian Winter Cherry. It 
is surrounded by the enlarged and inflated calyx. Physalis alkekengi, Winter 
Cherry, has a showy red, accrescent calyx (Fig. 1590, and Fig. 600, p. 199). 

Puneeria coagulans is the Puneer plant of Khorasan. The dried fruit is sold in the 
Indian bazaars under the name of Puneer-j6-fot& (Puneer cardamoms), as a car- 
minative and stomachic. It is regarded as the true Hub-ul-Eaking pf Arabian 
and Persian writers. The dried berries are also used for coagulating milk, and 
for making cheese. 

Solanum tuberosum, the Potato, has starchy tubers. S. Dulcamara, Bitter-sweet, 
or woody Nig^t^ade, is used as a diaphoretic in cutaneous diseases. S. melon- 
gena and S. ovigemm, produce edible frruits known by the name of Egg-apples. 
S. pseudoquina acts as a tonic and febrifuge. The berries of S. nigrum are 
edible, and so are those of S. quitdense, under the name of Quito Oranges. The 
fhdt of Solanum ladniatum is eaten in Australia under the name of Kangaroo- 
apple. Solanum sanctum, according to Forskall, is used in Arabia for coagu- 
l^ng milk. Some suppose that the Hebrew word Ghedek, translated Thoms in 

Figures 1660 and 1600 lUostrate some characters in the natural order Solanaces. 

Fig. 1660. Anthers of Solanum, opening by pores at their apex. fig. 1600. Accrescent osljx of 
PhyssUs eat vertieaUy, showing the baccate fruit. 

See also tig. 1611, p. 790, for the afilnities of the order. 






ATBOFACEJE. 


JProv. XT. 19| and Brier in lOcah vit 4| refora tn thie epedee, which is called hy 
some Solannm spinoattna. The Hebrew words Beaha, tran d ated Oodde in Job 
40, and Beuahim, translated Wild 6n^ in Is. v. 2, are supposed to refer 
to a species of Solanuni, either S. incanum or S. nigrum. 


1378. Nat Ord. 158. — Atbopacb^b, the Deadly Nightshade order 
(Figs. 1591 to 1596). — This order agrees in most respects with the 



Fig. 1692. Fig. 1696 Fig. 1693 


last, of which it may he considered a section. Miers makes it a sepa- 
rate order, distinguished from Solanaceas by its corolline aestivation 
being more or less imbricate (Fig. 1591), never valvate. The lobes 
of the corolla are somewhat unequal. Stamens 5, of which sometimes 1, 
very rarely 3, are sterile ; anthers dehisce longitudinally. The geogra- 
phical distribution is similar to that of Solanaoeae. The two orders 
contain about 1000 known species. IlL Gen» — ^Nicotiana, Datura, 
Brugmansia, Duboisia, Salpiglossis, Browallia, Petunia, Nierembergia, 
Hyoscyamus, Scopolia, Anisodus, Atropa, Nicandra, Mandragora, 
Lycium, Solandra, Franciscea. 

1379. The plants of this order are in general narcotic poisons. 
Their juice has the property of causing dilatation of the pupil. 

Figures 1691 to 1696 illustrate the natural order Atropaceee. 

Fig. 1691. Diagram of the flower of Nlootiana Tabacnm, Tobacco, showing fire diridons of the 
calyx, five imbrioate oorolline lobes, five atamena alternating with these lobes, and a dimerous orary. 
Hg. 1699 Flower of Atropa Belladona, Deadly Nightshade, showing a five^divided calyx and aflve- 
lobed oampanulate corolla. Fig. 1698. Baccate fltitt of Belladonna, with persistent calyx Fig 
16M. Dimerous orary of Datura Stramonium, Thorn-Apple It becomes fbur-oallCd by pilacental 
prolongations forming spurious septa Fig. 11^ Albuminous seed of the Thorn-Apple, wUh onrved 
embryo, cut rertically h ig. 1696 Py xidinm of Hyoscyamus nlger, Henbane, showing the opereuhim 
or Ud by which the two-celled capsule opens 
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Atropa BcUadofia, Deadly l^ghialiade or Dwale (Figs. has ahlnisg brown- 

Idi-blaflik berriea. It oontaina an alkaloid, Atrepia, to wlddi its narootic pro- 
perties are due. 

Datnra StramoniniD, Thorn-apple, is so called than its Sfdny capsule (Fig. 797, p. 
272), wMch is spniionsly foor-celled (Fig. 1594 and Fig. 711, p. 248). The leaves 
and seeds contain a narcotic alkaloid Datnria. as w^ as other itpedes, sneh 
as D. Tatola, Metel, and ferox, are smoked In asthmatic eases. D. sangninea, 
under the name of Florispondio, is used in the Isthmus of Panama to produce 
excitement 


Hyoscyamus niger, Henbane (Fig. 498, p. 199), is a visdd biennial, having a peculiar 
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odour. Its flowers are dingy yeUow, and dis- 
play purple venation. The seed-vessd is a 
pyxidium (Fig. 1596). The juice dilates the 
pup|L Similar properties are poss es sed 
other species, as H. albua. 

Handragora officinalis, the Mandrake (Fig. 862, 
p. 287), Stimulates the nervous system. The 
root is snpposed to be the Hebrew Dudaim, 
translated Blandrakes in tbe Scripture (page 
287). Some think that H. antumnalis of Ber- 
toloni, a plant with deep mazarin bine flowers, 
is the real Mandrake of Scripture. It is a na- 
tive of the South of Italy and the Levant. 

Nicotlana Tabacnm supplies American Tobacco. 
This plant has reddish fhnnd-shaped flowers 
(Fig. 628, p. 205 ; Fig. 541, p. 207 ; Fig. 415, 
p. 175). Its leaves contain an oleaginoua alka- 
loid, Nicotina, and a concrete volatile oil, Ni- 
cotianina. N. persica is the sonrce of 
Shiraz or Persian Tobacco* The leaves of N. 
rustica constitute tbe Syrian Tobacco. The 
import of unmanufhctnred Tobacco into Bri- 
tain in 1852, was 88,205,685 pounds. 

1380. Nat. Old. 169. — Okobancha- 
CE.<E, the Broom-rape order (Figs. 1597 
and 1311, p. 730). — ^Leafless, scaly herbs, 
parasitic on the roots of other plants. 
Calyx 4-5-toothed, persistent. Corolla 
with an irregular or bilabiate limb, im- 
bricate. Stamens 4, didynamous. Ovary 
1 -celled, with 2 or more parietal pla- 
centas ; the 2 carpels forming the ovary 
placed to the right and left of the axis. 
Fruit a capsule, covered by the withered 
corolla, 1 -celled 2-valved. Seeds albu- 
minous, minute. Natives of Europe, 
middle and northern Asia, North America, 
and the Cape of Good Hope. Species 
about 120. IU» Oen. — ^Epiphegns, Oro- 
bancbe, Lathrasa, ^ginetia, Obolaria. 


1381. The t)ropertie8 of the order are bitter, astringent, and 


escharotic. 


Fig. 1597. Orobaucbe Errugii, a kind of Broom-rape paraaitie on the root of Eiynginm. 
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Epipbagns vligiaiaiia* B ae ch -dropa, la a nadva of Korib America* Its root is used 
as an applioatioii to oaneerons sores. Hence It recdves' the name of Cancer- 
root 

Orobanche, Broom-rape. The species of this genus are parasitic on the roots of dif. 
fermit plants. 0. mi^or grows on the Broom and Fnrae^ 0. minor on Clover; 
0. Hedens on Ivy. The stems of Orobanohes have a large central cdlular por- 
tion, snnotmded by numerous fibro-vasonlar bundles amiiged in adrole without 
any medoilary rays. Their roots present a central vascular region composed of 
id>ottt four bundles, forming, on a transverse section, a sort of cross. At the lower 
part of the stem a tuber exists, which gives off bu^. Orobanches are attached 
to the roots of other plants, and they appear to be truly parasitic, aUhongh, from 
the existence of tubers and roots, they are considered by Heni^ as deriving 
nourishment also in the ordinary way. In 0. minor, Henfrsy trac^ the root of 
the Trifdlium, to which it is attached, into the substance of the tuber, its fibro- 
vascnlar structures ramifying in the substance of the parasite. 

1382. Nat. Ord. 160. — Scrophulakiacb.®, the Figwort order (Figs. 



1598 to 1604). — Herbs or undershrubs with opposite, whorled, or 
alternate leaves, and anisomerous flowers. Calyx of 5 or 4 parts. 


Hgoies uses to 1604 illastrate the nstonil order Scropbolariaoece. 

Hg. 1596. Dlsgram of the^muymmetrlcal, slightly irregnlar,flower of Veronica, with foordiTisUms 
of the csl^ four of the ooroha, imbricate, two stamens, and a bilocular ovary. Hg. 1599. Diagram 
of the floW ai AAtirr&num majus, Frogsmonth, showing single bract below, five divialcoa of the 
in^ndar calyx, five segments of the irregolar personate corolla, four perfect stamens, sad a rndimeot 
of a fifth above the ovary, a two^oelled ovary composed of two carpels placed posteriorly sad snterl* 
CTly as regards the axis. Fig. 1600. Irregular flower of Veronica, Speedwell, with two stsmeas. Hg. 
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Corolla irregular (Figs. 1600 and 1601), lobes unequal, imbricate 
in (estivation. Stamens 2 (Fig. 1600) or 4, didynamous (Fig. 1602), 
rarelj 5, or with a rudimentary fifth (Fig. 1603). Ovary bilocular, 
carpels anterior and posterior. Fruit capi^ar, rarely baccate, usually 
2-oelled (Fig, 1604). Seeds albuminous, with a straight or slightly 
curved embryo. Natives of all parts of the world, cold as well as hot. 
Some are root-parasites, as Eyebright, Cow- wheat, and Yellow-rattle. 
Species about 1800. IlL Oen. — Ccdceolaria, Verbascum, Linaria, 
Antirrhinum, Collinsia, Schizanthus, Pentstemon, Mimulus, Limo- 
sella, Sibthorpia, Digitalis, Veronica, Bartsia, Euphrasia, Ehinanthus, 
Pedicularis, Melampyrum. 

1383. The Figworts are more or less suspicious in their proper- 
ties. Some are acrid, others sedative. There are many showy garden 
plants in this order. 

Digitalis poipurea, Foxglove (Fig. 658, p. 211), is used medidnal] 3 r as a diuretic and 
sedative of the heart's action. The officinal parts are the leaves and seeds. Its 
active principle, DIgitaline, is said to be lOO times as powerful as the powder of 
the dried plant. 

Mimulus, Motikey-flower. The species of this genus, and of others in the order, 
have irritable bilamellar stigmas (page 566). M. luteus, a Chilian plant, has be- 
come naturalised in Britain. 

Verbascum Thapsus, Mullein, is sometimes called Flannel-flower. Its wooUj hairs 
are used for tinder. 

Veronica officinalis. The leaves are bitter and astringent, and are made into tea on 
the Continent The plant has been called Th6 de ITurope. 

1384. Nat. Ord. 161. — Labiates or LAMiACEjE, the Labiate or 



Fig. 1606. Fig. 1609. Fig. 1610. 

Dead-nettle order (Figs. 1605 to 1610). — Herbs or undershrubs* with 

1601. Irregular personate flower of Antirrhinnm majuB, Frogmnoutb. Fig. 1602. Vertical section of 
flower of Frogsmoutb, showlog four dldynamoos itamens attached to Oie owoUa. Fig. 1608. Irre- 
gular lipped flower of Scrophularia, Fig^rt, with a transverse staminodinm or abortive flftb stamen. 
Fig. 1604. Two oarpela, forming the fruit of Scrophularia, Ilgwort The oarp^ are plaoed wateriorlr 
and potterlorly aa regards the axis. 

Additlonol ffinstrations of Sorophnlariaoemi— Veronica^ Fig. 840, *p. 146. Antirrhinum, Fig. 651, 
p. 900 ; FHg. 810, p. 974 ; and Fig. 668, p. 886.*^ linaria, Fig. 657, p. 810. The alBniUee of the order 
are shown in Fig. 1811, p. 780. 

Figniea 1605 to IdlOiflustrate the natural order Lahiatee. 

Fig. 1605. IKagram of the flower of Laminm alhnm. White Dead-nettle, Showing five aegments of 




Hyptis membrasaoea of Bentham attaiiis in Bnustl a height of 80 or 80 feet. 
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tetragonal stems, opposite, exstipulate, often aroxnatio leaves, and 
flowers m verticiDaBters (Fig, 1606). Calyx tubnlw, persistent^ 6 or 



Fig. 1607. Fig. 1606. 


10-toothed (Fig, 1607) or bilabiate. Corolla bilabiate. Stamens 4, 
didynamous (Fig. 1608), or by abortion 2 ; anthers 2-celled, or 1 -celled 
by abortion (Fig. 1609). Ovary deeply 4-lobed, on a disk (Fig. 1610) ; 
style basilar ; stigma bifid. Fruit 1-4 achenes, enclosed by the calyx. 
Seeds erect, with little or no albumen. Natives of temperate climates. 
Species 2350. IlL Gen. — Lavandula, Lycopus, Salvia, Monarda, Ori- 
ganum, Thymus, Hyssopus, Melissa, Prunella, Nepeta, Melittis, La- 
mium, Stachys, Ballota, Phlomis, Teucrium, Ajuga. 

1385. Labiate plants have no deleterious qualities. They are 
generally aromatic and fragrant. Some arc tonics. Many of them, 
such as Lavender, Mint, Thyme, Sage, Eosemary, Marjoram, Basil, 
Savoury, and Hyssop, are used as carminatives and antispasmodics, and 
are cultivated in gardens for culinary purposes. Many contain a kind 
of stearoptine like camphor. Oils are procured from the leaves of 
most of the species, and to these their fragrance is due. 

Lavandula vera is the plant which yields oil of Lavender. L. latifolia gives oil of 
Spike. 

lycopus europsBus, Gipsy-wort, and L. virginicus, Bugle-weed, are used as astrin- 
gents and sedatives. 


the calyx, five aegmenta of the bilabiate corolla, two of which form the upper lip and three the lower, 
four atamena, didynamoua, and four-parted ovary. Fig. 1606. Laminm album, with tetragonal atem, 
oppoatte leaves, and flowers in vertidllastera. Fig. 1607 Irregular calyx of Lamium. Fig. 1606. 
Irregular bilabiate corolla of Laminm, showing uppelHnd under hp and didynamoua stamona. Fig. 
1609. IMatractile connective of Salvia, Sage, with one antherine lobe, a, perfect, the other, i, sterile. 
Fig. 1610. Vertical aection of flower of Salvia, showing two of the achenes, o, with the single style, ef, 
the cinroUa, eo, the calyx, c, and the discoid receptacle, r. 

Additional muatrmtions of Labiatee .—Flower of Lamium, Fig. 647, p. 906 ; Fig. 606, p. m. Flower 
of Teucrium, Fig. 060, p. 909. Flower of Ajuga reptaus. Fig. 648, p. IMIS. 
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ItiHia . Tlw iptdw rf ibis gmu are th» raitoni ktad* rf IDn^ as fi^iaandBt, 
PiBpponikiiity and Benny-royals q^lveatils ia tha Greek He4uoiiiKiQ^ 

ttanalated lOnt in Scriptnre (Fig. i07, p. 171). 

Pogoitenion Patohonly ie said to fornish the pefftune called Patchouli or PuchlU 
pdt, whidi ie exported from Penang. 

Salyiaf Sage* is need as a etomachic, and ie sometimes employ^ in the form of tea. 
The distraotOe connective of species of Salvia with their one-celled anther (Fig. 
1609)^ and their spiral cellSi have been already noticed (pages 19 and 228). 

1386. Nat. Ord. 162 . — Verbbnace^, the Vervain order (Figs. 
1611 and 1612, and Fig. 1311, p. 

730). — Herbs, shrubs, or trees, with 
exstipulate, usually opposite leaves, 
resembling much the Labiatee in 
their characters and differing in their 
achenes being concrete, their style 
terminal, and their leaves usually not 
containing receptacles of oil. Corolla 
generally irregular. Stamens 4, didy- 
namous, or 2 ; anthers 2-celled. Seeds 
erect or ascending ; radicle inferior. Natives both of 
tropical and of temperate regions. In the order are 
included the Myoporaceee, which differ only in their 
seeds being pendulous and in tbe radicle of the embryo 
being superior. Species about 700. Ill Oen. — ^Ver- 
bena, Stachytarpheta, Lippia, Lantana, Tectona, Prem- 
na, Clerodendron, Yitex, Myoporum, Avicennia. 

1387. Bitter, tonic, as well as aromatic properties 
are found in tbe Vervains. Verbena was supposed to 
have many valuable qualities, and was an object of 
superstitious regard among the Druids. 

AloysU (Lippia) dtriodora, is commonly cultivated under the 
Fig. 1612. name of Sweet Verbena, on account of its fragrance. 

Avicennia tomentosa, and other species, grow in salt swamps, and send out abnormal 
roots like the Mangrove. The bark of some is used for tanning. 

Gmdina arborea, Ghumbar or Gomar, is a timber tree of India. 

Stachytarpheta jamaicensis has tonic qualities. Its leaves are sometimes used for 
tea. 

Tectona grandis is the Teak-tree of India (Saguan or Segoon teak), the wood of 
which is hard and durable, and is used for ship-building. It is sometimes called 
Indian Oak. The wood resists well the attacks of Limnoria terebrans when ex- 
posed to the action of sea water. 

Vitex negundo, V. Agnus castus, and V. trifolia, have acrid fruity which is some- 
times used for Pepper. 

1388. Nat. Ord. 163. — SELAuiKACEiE or Globulabiace.£, the 
Globularia order. — small group of herbaceous or shrubby plants. 

Figures 1611 and 1612 Slnstrate the uatural order Verbenaee». 

llg. 1611. Diagram of the flower of Verbena, Vervain, showing a bract below the flower, 5 seg- 
monte of the calyx, 6 divisions of the corolla, 4 stamens didynamous, and a 4<ceUed ovary, coi^tiBg 
of 4 oonorete Imvuled earpela. Fig. 1618. Flowering epike of Verbena, Vervain, showing slightly 
imgnlar flowers. 







Fig. 1611. 
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with alternate exstipillate leaves and bracteated flowers resembling Yer* 
benacefiS) from which they differ in their 1-celled anthers, pendnloos 
ovules, and superior radicle* Globularia has a solitary carpeL Allied 
to this order and Vervains is a small group, Stilbacese, of which the 
Cape genus Stilbe is the type ; they have slightly irregular flowers, 
with 4 or 5 stamens, one o^n abortive, anthers 2-celled, ovary 2- 
celled, style terminal, fruit 1 -seeded, seed erect, embryo inferior, ^me 
of the species of Selaginace® are fragrant. They are natives of the 
Cape of Good Hope chiefly ; some are European. Species 120, HI, 
Gen, — Selago, Globularia. 

1389. Nat. Ord. 164 . — Acanthacb.®, the Acanthus order (Fig. 
1311, p. 730). — Herbs or shrubs, with simple, opposite, exstipulate 
leaves and bracteated showy flowers. Calyx of 5 sepals, distinct or 
combined, persistent. Corolla usually irregular, lipped. Stamens 4, 
didynamous, often 2 by abortion. Ovary of 2 carpels, placed anterior 
and posterior ; placentas parietal, but extending to the axis; style 1. 
Fruit a 2-cellGd capsule, opening by elastic valves. Seeds 1, 2, or 
many in each cell, attached to hooked placental processes, exalbumi- 
nous. Chiefly tropical plants, some of them, as Justicia, Buellia, Aphel- 
andra, and Hexacentris, remarkable for the beauty of their flowers. The 
lobed and sinuated leaves of Acanthus furnished the ornaments of the Co- 
rinthian capital. Species 1450. lU, Gen, — Thunbergia, Ruellia, Gold- 
fussia, Strobilanthes, Barleria, Acanthodium, Gendarussa, Lankesteria. 

1390. Nat. Ord. 165 . — ^Lentibulaeiacb.®, the Bladderwort order. — 
Herbs growing in water or in wet places, with radical leaves which 
are either undivided or cut into filiform root-like segments bearing 
little bladders, and irregular showy flowers. Calyx divided, per- 
sistent. Corolla bilabiate, irregular. Stamens 2, included ; an- 
thers 1-celled. Ovary superior, 1-celled; placenta free, cen- 
tral ; ovules oo. Fruit a 1-celled capsule. Seeds exalbuminous. 
Found in various parts of the world, most abundant in the tropics. 
The name Butterwort, applied to Pinguicula, is said to indicate its 
property of giving consistence to milk. Utricularia nelumbifolia 
grows in the water which collects in the bottom of the leaves of a 
large Tillandsia in Brazil. This Utricularia sends out runners and 
shoots, and often in this way unites several plants of Tillandsia. The 
leaves are peltate, more than 3 inches across, and the flowering stem 
is 2 feet long. Species 175. HI, Gen, — Utricularia, Pinguicula. 

1391. Nat. Ord. 166 . — Peimulace^, the Primrose order (Figs. 
1613 to 1616). — Herbs with opposite, or alternate, or whorled, exsti- 
pulate leaves, and flowers often on scapes. Calyx 5-cleft, rarely 4- 
cleft, regular, persistent. Corolla regular, 5 or 4-olefit, very rarely 0 
(as in Glaux). Stamens opposite ^e corolline segments. Ovary 
superior, 1-celled, with a free central placenta (Fig. 1614) ; style 1 ; 
stigma capitate (Fig. 699, p. 246) ; ovules mostly indeMte, and 
amphitropal. Fruit a capsule opening by valves or a lid (Fig. 1615). 
Se^ peltate, albuminous ; embryo straight (Fig. 1616), transverse. 
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The ptants abound in cold and in northern regions. Species 215. 
lU. Gen. — Androsace, Primula, Cortusa, Oyolamen, Dodecatheon, Sol* 




Fig. 1614. 


danella, Glaux, Lysimachia, Trientalis, Centunculus, Anagallis, Hotto- 
nia, Samolus. 

1392. Sedative, diaphoretic, and even drastic purgative plants are 
found in this order. ^ 

AnagaUis arvenais, Scarlet l^npemel (Fig. 282, p. 105 ; Fig. 487, p. 197), haa a cap- 
sule opeidng by circumsdBsile dehiscence (^. 1615). Its flowen close in clondy 
weather (page 532). 

Cyclamen eoropaBum (Fig. 360, p. 152), and other species, are called Sowbread, on 
account of their tubers being eaten by pigs. 

Primula. In this genus are included the various species of Prim- 
rose, Cowslip, Oxlip, and Auricula. The flower of Primula veris, 
Cowslip, are sedative, and are used in making a kind of wine. 
The yellow Primula Auricula of the Alps is the origin of the cul- 
tivated Auriculas. 

1393. Nat. Ord. 167. — Plumbaginace^, the Lead- 
wort order (Fig. 1617). — Herbs or undershrubs, with 
alternate or clustered, entire, exstipulate leaves, which 
are somewhat sheathing, and flowers in panicles or in 
heads. Calyx tubular, plaited, persistent. Corolla salver- 
shaped, with a 5-parted limb, or composed of 5 ungui- 
Stamens opposite the lobes of the gamopetalous corolla, 

Ugam 1618 to 1616 fllustrate the natural oi^ PrimulacecB. 

Fig. 1618. Diagram of the flower of Cydamen europeeum, Sowbread, showing 5 imbricate divisions 
of the calyx, 6 contorted divisions of the corolla, 6 stamens opposite the cmrolline segments, and a 1- 
celled pistil, with a flree central placenta, end numerous ovules. Fig. 1614. Vertical section of the flower 
of Primula, showing calyx, cordla, epicoroUine stamens, pistil with unilocular ovary, single style and 
capitate stigma. Fig. 1616. Capsiile of Anagallis arvensis, Scarlet Pimpernel, opening with a lid, by 
circnmscissile dehiscence. Fig. 1616. Seed of AnagaUis, cut vertically, showing fleshy aUinmen and 
straight embryo. 

Fig. 1617. Ovary of Anneria maritima. Sea-pink, ent vertically} riiowing the ovule, os, with its 
coverings, suspended by a coard or ftmienhis, cor, which rises from the bottom of the cell. The con- 
dttoting tissue of the style, tue, pasaea for a certain extent into the ovary. 



Hg. 1617. 
culate petals. 
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and hypogynonfl or attached to the claws of the polypetalons corolla. 
Ovary superior, 1-celled, with a single ovule pendulous from 
a long funiculus which arises from the base of the cell (Fig. 

1617) ; styles 5, separate or partially united. Fruit a 
utricle, or opening by 5 valves# Seed inverted, albuminous. 

Found in salt marshes and on the sea-coasts of temperate 
regions , some are tropical. The species have tonic, astrin- 
gent, and acrid properties; some cause blistering. Plum- 
bago europna, Toothwort, is used for toothache. P. toxi- 
caria supplies the principal ingredient of a poison used in 
Mozambique by the Caffres. Species 231. IlhOen* — Statice, 

Armeria, Plumbago. 

1394. Nat. Ord. 168. — Plantaginaceje, the Eibgrass 
order (Fig. 1618). — Herbs having usually ribbed and radi- 
cal leaves, with spiked, occasionally unisexual flowers. Calyx 
4-parted, persistent. Corolla scarious and persistent, 4- 
parted. Stamens 4, alternate with the corolline segments ; 
filaments long and slender. Ovary of one carpel, 2 rarely 
4-celled by placental prolongations; style 1. Fruit a mem- 
branous pyxis with a free placenta. Seeds I, 2, or many, 
albuminous. The plants are generally distributed, but are 
chiefly natives of temperate climates. They have bitter and 
astringent properties. The seeds of some are demulcent. 

Species 120. IlL Gen. — Littorella, Plantago. 

1395. Analysis of Corollifloral Exogens, with references 
to the numbers of the orders in the preceding pages. 


A. HYPOSTAMINE^. 


1, Ovaiy composed of one ou^l. 

Stigma with on indosium Brunoniacees, 121. 

2. Ovary composed of more than one carpel. 

a. Anthers opening by pores. 

Seeds with a loose testa. Herbs Pyrolacea, 180. 

Seeds with a firm testa. Shrubs. 

Anthers 2-celled| with appendages Ericacen, 129. 

Anthers 1-ceUed, without appendages Epacridacea^ 182. 

b. Anthers opening by slits. 

Leafy resinous plants Rutaceie, 63. 

Scaly brown parasites Monotropacess^lBl. 


B. EPISTAMINE.® OR EPJCOROLL.®. 

1. Flowers Regular. 

1. Ovary having three, four, or five lobes (achenes in fruit). 

Inflorescence scorpioidal BtwaginacesB^ 164. 

Inflorescence straight Nolanacen, 166. 

2. Ovary not divided into lobes. 

a. Compound ovary formed by four, five, or more carpels. 

Stamens opposite to the corolline divisions. 


Hg. jei8. Spike of Flaatago, Bibgraas, showing numerous sessUo flowers on a oommon ekAgited 
axis. 
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ANALTSIS OF OOBOLUFtOBAL EXOOEMB. 


S^Im five, tufAy flnee or font PlniabaginaoM), t67. 

Style one. 

Troes or shrubs, with fleshy fruit «... Myrsiuaceie, 136. 

Herbs, with capsular fruit Primulacefe, 166. 

Stamens alternate with the oorolline dinsions. 

Carpels separate Anouaeess, 4. 

Carpels combined. 

Ovules erect or ascending. 

iEstIvation of corolla imbricate Sapotacess, 185. 

iEstivation of corolla plaited ConvolvulaceseyUl. 

Ovules pendulous. 

Embiyo large, amygdaloid S^potaoen^ 135. 

Embryo small, not amygdaloid. 

Stamens twice as many as the corolline divi- 
sions EbenacesB, 188. 

Stamens the same number as the corolline 

divisions Aquifoliacese, 184. 

5. Compound ovsiy* formed by three carpels. 

Herbs with angular, oval, or winged seeds Polemoniacese, 143. 

Prostrate undershrubs with peltate seeds DiapmisiacesB, 150. 

c. Compound ovaiy formed by two carpels. 

Stamens two. 

Corolla 4-cleft Oleacem, 183. 

Corolla 6-3-divided, hypocrateriform Jasminacem, 187. 

Stamens four or more. 

Inflorescence scorpioidal. 

Fruit capsular Hydrophyllacem, 149, 

Fruit drupaceous Ehretiacess, 165. 

luflorescence not scorpioidal. 

Leaves alternate. 

Style dichotomous, fruit drupaceous Cordiacen, 158. 

Style not dichotomous, fruit capsular, follicular, or baccate. 

Leaves with interpetiolar ciliary stipules Asclepiadaces, 140. 
Leaves without stipules or cilia. 

Ovules definite, mstivation plaited Convolvulaoe89,161. 

Ovules indefinite. 

iBstivation valvate or indnplicato-valvate Solanaceie, 157. 
.Estivation imbricate, or some modifica- 
tion of it Atropaceie, 163. 

Leaves opposite or whorled, or clustered. 

Anthers united to the stigma Asdepiadacess, 140. 

Anthers free from the stigma. 

Leaves stipulate, often 8-5-ribhed Gentianacen, 148. 

Leaves eststipulate* 

Stigma with an hour-glass contraction, 

iBStivation contorted Apocynacese, 141. 

Stigma without a contraction, {estivation 

valvate Loganiaoese, 142. 

Leaves absent. Scaly parasites Cuscataoe% 152. 

d. Ovary formed by one carpel. 

Fruit spuriously 2-^led Plantaginaoese^lflS. 

Fruit 1-celled and t-seeded Salvadoraceio, 139. 

II. Flowers Irregular. 

I, Ovary having four lobes 

Flowers in verUcUlasters, fruit achenes Labiats, 161. 
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2. Ovary nat divided into lobes. 

«. Ovaiy formed by one carpel Selaginacea), 168. 

b, 0 vai 7 fonned by two caipels. 

Fmitof 4 concrete achenes Verbenaceffi, 162. 

Fruit of two concrete achenes Sekginace»» 163. 

Fruit capsular or succulent. 

Placentas parietal. 

Seeds winged Bignoniaoen, 144. 

Seeds not winged. 

Leaiy plants. 

Cotyledons minutOt radicle long Oesnerace»» 146. 

Cotyledons large and fleshy, radicle short 

Fruit drupaceous or capsular Pedaliacen, 147. 

Fruit woody, with a pulpy interior CrescentiacesB, 146. 

Leafless plants. 

Scaly brown parasites Orobanchace»,159. 

Placentas in the axis. 

Seeds albuminous. Scrophulariace8s,160. 

Seeds exalbuminous. 

Seeds with wings Bignoniacese, 144. 

Seeds without wings, attached to hard pla- 
cental processes Acanthacese, 164. 

Placentas firee^ central Lentibulariacea^ 166. 


In the natural orders Oleaceaa and Primulacese, apetalous and even achlamydeons 
species are met with, which therefore belong properly to the sub-class Hono- 
chlamydesB. Among Ericaceie, Pyrolacese, Monotropacese, Epacridacem, Primu- 
lacem, and Plumbaginacem, there occur polypetalous species with hypogymous 
stamens, which consequently belong properly to the sub-class Tlialaniiflorie. 


SUB-CLASS 4.--.MONOCHLAMYDEiE OR APETALiE. 

1. ANGlOSPERMiE 
a. 8PEBM0QENJE, 

Having true Seeds with a Dicotyledonous Embryo. 

1396. Nat. Ord. 169 — ^Nyctaoinaceje, the Marvel of Peru order 
(Pig. 1619). — Herbs or shrubs with opposite leaves, and 
involucrate, often showy flowers. Perianth tubular and 
funnel-ifliaped, the limb plaited, coloured, and separating M/A pli \ 
from the hardened base, which encloses the one-celled m 

utricular fruit, and appears to be incorporated with it. 

Stamens hypogynons, 1-20. Embryo coiled round mealy WSm 
albumen (Pig. 1619). Natives of warm regions. Their **^8 
roots are purgative, as seen in the case of Mirabilis Jalapa. Mirabilis 

Fig. 16)9 Frmt of Nyotago or Mimbilit Jidapa, cut Tertioally, showing the peripherioal embryo 
coiled round mealy albumen, with the inferior radiclo pumting to the foramen. 
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dichotoma, the Marvel of Peru, is called Four-o'clock plant, from 
opening its flowers about that time in the afternoon. Species about 
100. Ill, Oen. — Boerhaavia, Mirabilis, Bugainvillia, Pisonia. 

1387, Nat. Ord. 170. — Amakanthace-®, the Amaranth order. — 
Herbs or shrubs with opposite or alternate, exstipulate leaves, and 
capitate or spiked, bracteated coloured flowers, which are occasionally 
unisexual. Perianth of 3-5 scarious sepals. Stamens 5, hypogynous, 
distinct or monadelphous ; anthers often 1 -celled. In other respects 
resembling Chenopodiacese. Most common within the tropics. They 
have mucilaginous properties. Some are used as potherbs, and many of 
them are cultivated on account of their dry, persistent, and finely 
coloured bracts and perianth. Amaranths are known in gardens by 
the name of Princes Feather (A. hypochondriacus) and Love-lies- 
bleeding (A. caudatus). Celosia cristata, the Cockscomb, has astringent 
properties. Species 486. Ill, Qtn, — Celosia, Amaranthus, Achy- 
ranthes, Polycnemum, Gomphrena. 

1398. Nat. Ord. 171. — ChenopodiaceuE, the Goosefoot order (Fig. 
1620). — Herbs or undershrubs, with exstipulate, 
alternate, and occasionally opposite leaves, and 
small herbaceous, often unisexual flowers. Peri- 
anth divided deeply, sometimes tubular at the 
base, persistent. Stamens inserted into the base 
of the perianth, and opposite to its divisions. 
Ovary free, 1 -celled, with a single ovule attached 
to its base. Fruit a utricle or achene, sometimes 
succulent. Embryo coiled round mealy albumen, 
or spiral without albumen. Inconspicuous plants, 
found in waste places in various parts of the world, 

chiefly in extra-tropical regions. Species 510. Ill, Gen, — Salicomia, 
Atriplex, Halimus, Obione, Spinacia, Blitum, Beta, Suseda, Schoberia, 
Salsola. 

1399. Many of the plants of this order are used as potherbs, for 
instance, Spinage, Garden Orach, and Beet. Soda is supplied by 
some of the species of Salicomia and Salsola growing on the sea shore. 
Anthelmintic and antispasmodic properties are also met with in the 
order. 

Beta ynlgaris, common Beet, is caltivated in France for the sake of its sugar. B. 
vnlgaris wr. campeatris, Mangold Wurzel, is need as food for cattle. 

Chenopodiam Qoinoa is a Femvian plant, the seeds of which are need as food. 
Yoelcker aaje, that the meal prepared fh>m them is very nntritione. C. Bonus 
Henricns, English Mercury, is a good substitute for Spinage. C. anthdmintioum 
3 rields a kind of worm-seed oil. 

1400. Nat. Ord, 172. — Basellaceje, the Basella order. — ^A small 
order of climbing, herbaceous, and shrubby tropical plants, closely allied 

Fig. 1620 Flower of Chenopodiam, Ooosefoot, showing the perianth, consisting of five parts 
anited at Uie base, fire stamens opposite the legmeuts of the perianth, ovary aiagle, superior, with 
two styles. 
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to OhenopodiaoesB, and differing chiefly in their coloured double peri- 
anthy and in their stamens being attached to its sides* Some species 
of Basella are used as Bpinage* Melloca tuberosa has a tuberous root, 
which is used in Peru as a substitute for the Potato. Species 12. lU. 
Gen, — Basella, Melloca (Ullucus). 

1401. Nat. Ord. 173. — ScLEEANTHACEiE, the Enawel order. — 
Inconspicuous weeds, often included among the lllecebracefe, but dif- 
fering from that order in their apetalous flowers, exstipulate leaves, 
hardened tube of the perianth inclosing the 1 -celled fruit, and perigyn- 
ouB stamens. They seem to be more nearly allied to Chenopodia^. 
They occur in barren places in various parts of the world. Species 
14. BL Gen, — Scleranthus, Habrosia. 

1402. Nat. Ord. 174 . — Phytolaccacbj®, the Poke-weed order. — 
Herbs or undershrubs with alternate, exstipulate, often dotted leaves, 
and racemose flowers. Perianth of 4-5 leaves, often petaloid. Stamens 
hypogynous or nearly so, indefinite, or 4-5 and then alternate with 
the divisions of the perianth. Ovary of 1 or many united one-seeded 
carpels ; styles and stigmas distinct. Fruit either succulent or dry. 
Embryo curved round mealy albumen. Many of the plants are Ameri- 
can. They have acrid, emetic, and purgative qualities. The berries 
of Phytolacca decandra, Poke or Pocan, yield a deep purple juice. 
Its root is emetic, and is used in rheumatic and syphilitic pains. 
The young shoots are eaten as Asparagus. Gyrostemon, a genus with 
unisexual flowers, is considered as a type of an allied order, Gyroste- 
monaceae. Species 64. BL Gen. — ^Phytolacca, Schollera. 

1403. Nat. Ord. 175 . — Petiveriace^, the Petiveria order. — A 
small order of plants separated from Phytolaccaceae on account of their 
stipulate leaves, exalbuminous seeds, straight embryo, and convolute 
cotyledons. Tropical American plants. They have acrid properties 
and an alliaceous odour. Species 10. Bl, Gen, — ^Petiveria, Seguiera. 

1404. Nat. Ord. 176 . — Polyoonace-®, the Buckwheat order (Figs. 
1621 to 1625). — Herbs, rarely shrubs, with alternate leaves, ochreate 
stipules, and occasionally unisexual flowers. Perianth often coloured. 
Stamens definite, and inserted into the base of the perianth (Fig. 1623). 
Ovary formed of 3 carpels, 1 -celled, containing a single ortho tropal 
ovule (Fig. 1625). Fruit a triangular nut, often covered by the 
perianth (Fig. 1624). Embryo usually on one side of mealy albu- 
men. Generally distributed both in cold and warm climates. Species 
about 500. Bl. Gen. — ^Eriogonum, Oxyria, Rheum, Polygonum, Fago- 
pyrum, Coccoloba, Rumex, Triplaris, Brunnichia. 

1405. Acid, astringent, and purgative qualities are met with in 
the plants of this order. 

Coccoloba uvifera, Sea-side-grapCi yields an astringent matter like ELino. Its fruit, 
covered by the Buccolent perianth, is in clusters like grapes. 

Eagopyrum esculentum, and other species, are cultivated as Buckwheat. Their 
fruit supplies nutridons food in many northern countries. Buckwheat is sofwn in 
Britain in order to give food for pheasants. 



876 


POLYOONAOBiE— BBG0NIACB4:. 


Polygoniim Biatorto hat a twisted rhisom^ whleh is used as an astrliigeiit P. 
Hydiopiper is acrid, and bence its name Water-pepper. The roots of P. vivi- 
pantm are used by the Esqaimanx as food. 



Fig. 1022. Fig. 1625. Fig. 1624. 


Rheum. Various species of this genus yield the different kinds of Rhubarb. The 
true officinal species is still unknown. It grows in the very centre of Thibet, a 
region not usually visited by scientific travellers. R. palmatnm is generally 
said to be the plant which supplies Russian or Turkey Rhubarb. Among the 
other species may be noticed R. undulatum, R. rhaponticum, R. compactum, R. 
Emodi, and R.Webbiannm. The two latter supply Rhubarb in India. The root 
of all of these has more or less cathartic properties combined with a certain de- 
gree of astringency. The petioles are used in tarts. Oxalic acid exists in the 
juice, and crystals of oxalate of lime give grittiness to the roots. 

Rnmex alpinus, called Monk’s-rhubarb, has been used as a substitute for true Rhu- 
bard. R. Acetosa, R. AoetoseUa, and R. scutatus, have oxalic acid in their leaves. 
R. Patientia (Fig. 1622), was formerly cultivated as a subacid potherb. The 
fruit of this or R. orientalis is used for packing Smyrna opium. 

1406. Nat. Old. 177. — BegoniaceuE, the Begonia order. — Herbs 
or succulent undersbrubs, with alternate oblique stipulate leaves, and 

Figures 1621 to 1626 illustrate the natural order Poljrgooacee. 

Fig: 1621. Diagram of the flower of Bnmex, Dock, showing a six -partite perianth, ia two alter- 
nating rowi, fix atamens in pairs, and a one-celled ovary formed of three carpela. Fig 1622. 
Flowering branch of Bnmex Patientia, ihowing eymose duiters, with the two rows of the perianth, 
the inner large and covering the fruit. Fig. 1623. Flower of Bhenin, with perianth removed, ahowing 
nine stamena, which are inaerted into the baae of the perianth, and are arranged in alternating rows 
of three, a single triearpellary ovary with three atylea and three ditk-like atigmas. Fig. 1624. Fruit of 
Bnmex ent vertically, ahowing the triquetrous acbene closely invested by the inner segments of the 
perianth, two out of the three styles, and the arcuate embryo on one tide of farinaceous albumen. 
Fig. 1696. Orthotrepal ovule of Polygonum, embryo-sac, t, nucleus, n, ohalasa, rA, and foramen, m. 
— 9ee al«» Fig. 766, p. 266 ; Fig. 767, p.26e} Mid Fig. 767, p. 264. 
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cymose, pink, nnisexnal flowers. Perianth superior, coloured, with 4 
divisions in the male flower, and 5-8 in the female. Stamens oo, 
distinct, or united ; anthers collected into a head. Ovary winged, 8- 
celled, with 3 placentas meeting in the axis. Fruit capsular, winged, 
3-celled. Seeds oo, exalbuminous, reticulated. Found in the Fast 
and West Indies, and in South America. They are said to have bitter 
and astringent qualities. Begonias receive the name of Elephant’s-ear 
from the appearance of their oblique leaves. Their succident stalks 
are sometimes used like Ehubarb. Species 159. IlL Qen. — ^Begonia, 
Eupetalum. 

1407. Nat. Ord. 178 . — ^Laubace.£, the Laurel order (Figs. 1626 
to 1631 ; also Fig. 242, p. 109, and Fig. 246, p. 111). — Trees with 



Fig. 1628. 



Fig. 162<l 





Fig. 1627. 


exstipulate, usually alternate, dotted leaves. Perianth 4-cleft (Figs. 
1629 and 1631), or 6-cleft in 2 rows. Stamens often 8-12, the 3 or 
4 innermost being abortive staminodia, and the outer fertile ; filaments 
sometimes bearing glands (Fig. 1630) ; anthers 2-4-celled, opening 
by recurved valves. Ovary superior, 1-celled, with 1 or 2 pendulous 
ovules. Fruit a berry or drupe ; pedicel often thickened ; seed soli- 
tary, exalbuminous ; embryo with large cotyledons. Tropical plants. 


I'igurei 1626 to 1681 illustrate tbe natural order Lauraceee. 

Fig. 1626. Diagram of the male or staminlferous flower of Lauma nobilis, Sweet Bay> showing four 
diriiiona of the perianth^ tweWe stamens in three rows, some fertile, some abortive, and the abortiTe 
pistil as a point in the centre, Ilg. 1627. Diagram of the female or pistilliferons flower of Lauras 
nobilis, showing a fcmr>diyided perianth, and a one-celled ovary in the centre, with two abortiTe 
stamens. Fig. 1628. Lanms nobilis, the Sweet Bay or the victor's I^iurel. It is supposed to be the 
Ezraeh of the Bible (Ps. xxxrli. 85). The tree attains a height of twenty to thirty feet, and la earn- 
num in the south of Europe, Spain, Italy, Gieece, and the Levant. Fig. 1629. Btaminiferous flower 
of Lauma nobilis, with a four-divided perianth, twelve stamens in three rows, some Vith intratee. 



878 


LAUEAOE^. 


Spedes 4fW), IW. Cfen.— Cinnamommn, Camphora, Pereea, Nectaii<&a, 
Oreodaphne, Sassafras, Benzoin, Tetranthera, Lauras. 



1408. Aromatic and fragrant plants, yielding fixed as well as vo- 
latile oils and camphor. Some have tonic and febrifugal barks; 
others supply edible jfruits. The timber of some of the plants is 
valuable. One of the Lauraceae, called Itauba, according to Spnice, 
is the most valuable timber for shipbuilding which the Amazon affords. 
Its range seems to bo from the mouth of the Tapajoz to that of the 
Bio Negro. 

Camphora officinarum, a tree found in China and Japan, supplies camphor, which is 
procured from the wood by distillation and sublimation. Camphor-wood is used 
for entomological cabinets. 

Cassytha, Dodder-Laurel, is by Lindley considered the type of a new order Cassy- 
thaceie. The species differ from the Lauracess in being leafless scaly parasites, 
and their Omit is enclosed in a succulent calyx. 

Cinnamomum zeylanicum (Fig. 242, p. 109), is the Cinnamon-tre^ the bark of which 
constitutes the Cinnamon of commerce. It is the Kinnamon or Ejlnnamomum 
of the Bible (see note, p. 109). The tree attains a height of about 80 feet It 
has acuminated tricostate leaves, the ribs coming into contact at the base, but 
not uniting. The best Cinnamon is procured from branches three years old. 
C. Cassia (Fig. 240, p. Ill), supplies the Cassia-bark ; the Kiddah or Cassia 
Scripture (Exod. xxx. 24 ; Ps. xlv. 8 ; Ezek. xxvii. 19). It has oblong-lan- 
ceolate triplicostate leaves. Cassia buds seem to be also the produce of this tree. 
C. Culilawan, a native of Amboyna, yields a bark having the flavour of Cloves. 
The same flavour exists in the leaves of the true Cinnamon-tree. 

Dicypellium caryophyllatum, a Brazilian tree, is the source of the Clove-bark of 
commerce, which is used as a spice. 

Laurus nobilis, Sweet-bay (Fig. 1628), yields a concrete green oil, called Oil of Bays. 
Its branches were used to crown the victors in the ancient games. It seems to 
be the Ezrach of the Bible, translated green Bay-tree.* The leaves are aromatic. 

Kectandra Bodissi (N. leucantba var. N. ab. £.), called Bibini or Sipiri, yields the 
Bebeem-bark, which contains an antiperiodic alkaloid Bebeerine. Its wood is 
called Green-heart, and is used in ^ip-building as well as in constructing piers. 
The wood seems to resist the attacks of animals in the sea (p. 449). N. Pu^ury 


others with extrorae snthers opening by hinged ralves. Near tlie base of the inner fUamenta stalked 
glands are seen. Fig. 1680. Stamen of the same flower, showing hinged valves and two stalked 
glands at the base of the filsment. Fig. 1681. Female flower of Lanins nobihs. with 4 divisions of 
^e perianth, a single pistil in the centre, and two abortive stamens. 
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produce# en arouuitlo teed, the ootyUdoss of whidi are imported under the name 
of SasBafrae-nuta, or Pioburim-bei^ They are used for dtrouring chocolate. 

Penea gratia^ma has an edible fruit known as the Avocado-pear. P. indica is the 
Vinatico of Madeira, and jrielda a kind of coarse mahogany. 

Sassafras offidnale, a large American tree, is used as a diaphorede. Its root is the 
officinal part 

1409. Nat Ord. 179. — Atherospermace.®, the Pltime-Nutmeg 
order. — Ttees, with opposite exstipnlate leaves, and bracteated uni- 
sexual flowers. Perianth tubular, divided at the top into segments, in 
2 rows, the inner partly petaloid. Stamens numerous, inserted in the 
bottom of the perianth ; filaments with scales at their base ; anthers 
with valvular dehiscence. In the female flowers, there are often 
abortive stamens in the form of scales. Carpels numerous, each 
having a single erect ovule. Fruit achenes, enclosed in the tube of 
the perianth, having persistent feathery styles. Seed solitary, erect ; 
embryo minute in the base of fleshy albumen. Fragrant plants 
from Australia and Chili. Species 4. Ilh Oen, — Atherosperma, 
Laurelia. ^ 

1410. Nat. Ord. 180. — ^MyRisTiCACE®, the Nutmeg order. — Tro- 
pical trees, with alternate, exstipulate leaves, and unisexual flowers. 
Perianth 3-4-cleft, valvate. Stamens 3-12, distinct or monadelphous ; 
anthers extrorse, often united. In the female flowers, the perianth is 
deciduous. Carpels 1 or many, each with a single erect anatropal 
ovule. Fruit succulent, 2-valved, Albumen ruminate. Some regard 
this order as an apetalous unisexual form of Anonacese. Natives of 
the tropical parts of India and America. Species 35. HI* Oen . — 
Myristica, Pyrrhosa. 

1411. The plants of this order are acrid and aromatic. Their 
bark yields a red juice. 

Myristica moschata is the Natmeg-tree of the Moluccas. The fruit is drupaceous 
and dehisces, so as to display the scarlet mace, which consists of a reticulated 
arillode covering the shell in whioh the seed or Nutmeg is enclosed. A fistty 
matter and a volatile oil are procured from the Nutmeg. The average quantity 
^ of Nutmegs annually sold by the Dutch East India Company in Europe during 
the last century, has been estimated at 250,000 lbs., besides about 100,000 lbs. 
sold in India. Of Mace the average quantity sold in Europe has been reckoned 
at 90,000 lbs. per annum, and 10,000 lbs. in India. In 1814, when the Moluccas 
were in possession of the English, the number of Nutmeg-trees planted out was 
estimated at 570,500, of which 480,000 were in bearing, including 65,000 monos- 
douB trees. The produce of the Moluccas has been reckoned at from 600,000 
to 700,000 Ibe. per annum, of which one-half goes to Europe, and about one- 
fourth that quantity of Mace. The annual consumption of Nutmegs in Britain is 
said to be 140,000 lbs. The South American species of Nutmeg have been much 
increased by the discoveries of Hostmann in Surinam, and of Gardner and Spruce 
in Brazil There are in aU thirteen known South American Myristictt. They 
are lofty trees, producing seeds whioh have aromatic properties similar to those 
of the Eastern species. They are coarser, however, and the chief use made of 
them is the eztnu^on of wax for making candles ; and their bark yields an acrid 
medicinal oil too coarse to be used otherwise than for external application. M. 
msdagascariensis 4i the source of the wild Nutmeg of Madagascar. M. Otoba 
produces the BrazUiaa Nutmeg, and M. spuria the iSUse Nutmeg of the Indian 
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Atohipdago. The name of Nntm^ hae been also given to the limit of eome 
Lamraoeons plante. 

1412. Nat. Ori 181 . — Monimiace^, the Monimia order. — Trees 
or Bhrubs, with opposite, exstipulate leaves, and unisexual flowers, re- 
sembling AtheroBpermacesB, from which they differ chiefly in the 
anthers dehiscing longitudinally, in the ovule being pendulous, and in 
the want of feathery styles to the fruit. The plants are chiefly South 
American, They are aromatic. Species 40. lU. Chn» — ^Monimia, 
Citrosma, Boldoa. 

1413. Nat. Ord. 182. — ^PROTEACEiB, the Protea order. — Shrubs 
or small trees, with hard, dry, exstipulate leaves. Perianth divided 
into 4, valvate. Stamens 4, placed on the segments of the perianth. 
Ovary of one superior carpel, containing 1 or more ovules; fruit 
dehiscent or closed. Seed exalbuminous ; embryo straight. Natives 
of Australia and the Cape of Good Hope chiefly. Leucadendron argen- 
teum is the Silver-tree or Witteboom of the Cape ; it has a silky cover- 
ing of its leaves. Protea grandiflora is called Wagenboom. It attains 
a height of 8-14 feet, and, along with other Proteaceii, supplies the 
principal fuel of Simonas Town, Cape of Good Hope, Species 650, 
HL Oen, — Leucadendron, Protea, Conospermum, Franklandia, Per- 
soonia, Grevillia, Enightia, Telopea, Lomatia, Stenocarpus, Banksia. 

1414. Nat. Ord. 183. — EL^RAaNACE^, the Oleaster order. — Trees or 
shrubs, usually lepidotc (Fig. 108, p. 45), with exstipulate leaves, and 
unisexual, rarely hermaphrodite, flowers. Male flowers in the axil of 
scales ; perianth of 2-4 leaves, sometimes united ; stamens 3, 4, or 8. 
In ? and g flowers perianth tubular, with a fleshy disk. Ovary free, 
1-celled, with a single ascending ovule. Fruit a crustaceous achene, 
enelosed in the succulent perianth. Found chiefly in the northern 
hemisphere. Many are cultivated for their silvery scaly foliage (Fig. 
108, p, 45). The scales are beautiful microscopic objects. Some 
of the species yield edible succulent fruit. HippophaS rhamnoides, 
Sea Buckthorn, is a spiny plant which thrives on the sea shore, and 
forms an excellent fence. Eljeagnus parvifolia, small-leaved Oleaster, 
bears clusters of red edible berries, mottled with scales. Species 30. 
III. Qm. — Shepherdia, Hippophae, Elseagnus. 

1415. Nat, Ord. 184. — PENiSACE^, the Pensea order. — Shrubs 
with opposite exstipulate leaves. Perianth inferior, bracteated, salver- 
shaped, limb 4-lobed. Stamens 4 or 8, inserted on the perianth. 
Ovary 4-celled, with 4 appendaged stigmas. Fruit a 4-celled capsule. 
Seed exalbuminous; embryo with minute cotyledons. Evergreens, 
foimd at the Cape of Good Hope. Some yield a gum-resin called Sar- 
coool. Species 21. lU. Oen. — ^Pens&a, Sarcocolla, Geissoloma. 

1416. Nat. Ord. 185. — THYMEL.®ACEiE, the Mezereon order. — 
Shrubby plants with stipulate leaves, and rarely S ? flowers. Peri- 
anth coloured, tubular, with a 4-5 lobed imbricate limb. Stamens 
often twice as many as the lobes of the perianti^ and inserted on its 
tube. Carpel solitary, superior, with a single pendulous ovule. Fruit 
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nnt-like or drupaceous. Seed with or without albumen; embryo 
straight Natives both of cold and of warm climates in various parts 
of the world. Species 300. lU. Oen. — Dirca, Daphne, Passerina, 
Pimelea, Gnidia, Thymelina, Lagetta, Hemandia. 

1417. The plants of this order possess acrid, irritant, and occa- 
sionally narcotic qualities. The bark of many of them is tough and 
tenacious, so as to be used for corda^. 

Daphne cannabina has a fibroas inner bark, which is used fbr ropes and Anr the 
manufisctare of paper. This paper in India is said to resist the attacks of many 
insects. D. Mezereumi Mezereon, is a spring-dowerinp; plant, the bark of which is 
used in cutaneous diseases, and also as an application for toothache. D. Laureola, 
Spurge Laur^, has an irritant bark, and its berries are poisonous. The flowers 
of D. odora and other species have a delightful perflime. 

Dirca palnstris, called Leather-wood, Moose- wood, and Wickopy, ft a North Ameri- 
can plant, the twigs of which are used as thongs. Its fhiit is narcotic. 

Lagetta lintearia is called Lace-bark tree, on account of the beautiful meshes of its 
inner bark. 


1418. Nat.jOrd. 186. — Aquila- 
RiACEiB, the Aquilaria order (Fig. 
1632). — Trees with exstipulate 
leaves. Perianth tubular, with a 
4-5-lobed imbricate limb. Stamens 
usually 8-10, inserted into the throat 
of the perianth. Ovary supeiior, 
2-colled, with 2 suspended ovules. 
Fruit a 2-valved capsule, or succu- 
lent. Seeds exalbnminous. Natives 
of the tropical parts of Asia. Species 
10. Ill, Oen, — ^Aquilaria, Gyrin- 
opsis, Leucosmia. 

1419. Some of the plants yield 
resinous matter, which is used as a 
stimulant. 



Aqnilaria Agallochum (Fig. 1632), and A. ovata or malaccensia, supply the Aloea- 
wood or Eagle-wood, which contains a fragrant resin, used in India as a remedy 
for gout It appears to be the Ahalim or Ahaloth of the Old Testament^ and 
the Aloe of the New, translated Aloes. 

1420. Nat. Ord. 187. — ^CuAiLLETiACEiE, the Chailletia order. — 
Trees or shrubs with alternate stipulate leaves. Perianth 5-parted ; 
SBStivation induplicato-valvate. Stamens in two rows, 5 outer sterile,, 
petaloid, alternate with the divisions of the perianth, 5 inner fertile, 
with glands at their base. Ovary superior, 2-3 celled ; ovules 2, pen- 
dulous. Fruit 1-3-celled, dry. Seeds solitary, exalbuminous. This 
order is more properly placed near Celastraceas. The plants are con- 


Fig. 1683. AquOaria Aga]lo|)inu], the plant which yields Aloes-wood» Agila-wood, or Eagle-wood. 
It appeari to be referred to in Fsalm xlv. 8 ; Prov. rii. 17 ; Cent. iv. 14, under the name of Ahalim, 
and in John six. 80, under the name of Aloe. Lign Aloes of Ntunb. xriv. 6, is probably the same tree. 
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skLered diohlamydeoTLS, some being polypetalous, others gaxnopetalous. 
Chailletia toxicaria has a poisonous fruit called Batsbane in Sierra 
Leone. Natives of tropical America and Africa, and of the East 
Indies. Species 26. Ill, Gen. — Chailletia, Moacurra, Tapura. 

1421. Nat Ord. 188 . — Samydacb^, the Samyda order. — Trees 
or idirubs with alternate, stipulate, usually dotted leaves. Perianth 
4-5-part6d ; ssstivation imbricate. Stamens inserted into the tube of 
the perianth, 2, 3, or 4 times as many as its divisions, some of them 
occasionally sterile ; filaments united. Ovary superior, 1-celled, with 
numerous ovules. Fruit a leathery, 1-celled, 3-5-valved capsule. 
Seeds albuminous, arillate, attached to parietal placentas. Tropical, 
chiefly American plants, with astringent bark and leaves. Species 80. 
lU. Gen. — Samyda, Casearia, Candelabria. 

1422. Nat. Ord. 189 . — Homaliacejb, the Homalium order. — 
Trees or shrubs with alternate leaves with or without stipules. Peri- 
anth infundibuliform, with 5-15 gland-bearing divisions, and alternat- 
ing petaloid scales. Stamens inserted on the perianth, either singly or 
in bundles of 3 or 6. Ovary adherent, 1-celled ; ovules numerous, 
pendulous; placentas 3-5, parietal; styles 3-5, Fruit a capsule or 
berry. See^ albuminous. Lindley thinks this order has true petals, 
and he places it between Loasaceag and Gactacete. Tropical plants of 
India, Africa, and America, having astringent properties. Species 30. 
III. Gen. — Homalium, Blackwellia, Trimoria, Nisa. 

1423. Nat. Ord. 190,— 
Santalagk^, the Sandal-wood 
order (Fig, 1633). — Trees, 
shrubs, or herbs with alternate, 
entire, exstipulate leaves, and 
small fiowers, sometimes $ $. 
Perianth adherent, 4-5- cleft, 
valvate. Stamens 4-5, inserted 
into the throat of the perianth, 
opposite its segments. Ovary 
1 -celled ; ovules 1-4 ; placenta 
central. Fniit monospermal, 
dry, or succulent. Seed albu- 
minous. Found in Europe, 
Asia, America, and Australia, 
Species 110. III. Gen. — Thesi- 
um, Osyris, Fusanus, Santalum. 

1424. Some of the species 
are astringent, others yield edible fruit. The wood is in some instances 
fragrant, and the bark is tough and tenacious. 

Ftuanns acaminatas, the Qnandang nut^ has an edible fruit. 

Pyrolaria oleifera (pubera), Buffalo-tree, yielda a nut from which a fixed oil is pro- 
cured. 

- - ■ ■ ♦ 

Fig. 163d. SanUlam elbam, Sendai-wood tree of India, which may be the Atmiig or Algnm tree 
of the Bible (1 Kingt x. 11, 12 ; 2 Chron. U- 6; ix. 10, 11). 
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Santalnm allnim (fig. 1688], a ICilabar tre^ from 25 to 80 fret Jiigh, jirodiioee San- 
dal-wood, which is used as a perfome i& China, and in India as an astringent. It 
may probably be the Hebrew Ahnnggim or Algornmim, translated Almug or 
Algrnn trees in the Bible. Other species, as S. yreydn athim , yidd fragrant 
woods. 

Thesinm linophyllim, and other species of Bastard Toadflax, are parasitic on the 
roots of other plants. 

Some put the natural order Viscaces hare, separating it from Loranthacets. It is 
said to agree with Santalacee in its apetalous flowers, valvate sestiyation, and stamens 
opposite the segments of the adherent perigone, ovary nnilocolar, placenta central, but 
difibrs in its opposite leaves, dicecious flowers, and in the form of its embryo. The order 
includes such parasitic genera as Yiscum, or the Mistleto, and Myzodendron. 

1425. Nat. Ord. 191. — ^Aristolochiace^, the Birthwort order 
(Figs. 1634 to 1637). — Herbs or climbing shrubby 
plants, with alternate leaves, solitary or clustered 
brown or greenish coloured 8 flowers, and wood 
arranged in separable wedges. Perianth tubular 
(Fig. 508, p. 200), adherent (Fig. 1636), valvate. 

Stamens 6-12, epigynous, distinct or adherent to 
the style and stigmas (Fig. 1637). Ovary 3-6- 
oelled ; ovules oo ; stigmas radiating. Fruit a 
3-6-celled polyspermal capsule or berry. Seeds 
albuminous ; embryo minute. Found in various parts of the world, 



Bg. 1685. Bg. 1687. Fig. 1686. 



Fig. 1684. 


Fignret 1684 to 1637 inuBtrate the natural order Ariatolochiaceae. 

Fig. 1684. Diagram of the flower of Afarum europaeom, Aaarabscca, showing three divisions of 
the perianth, nine stamens in three rows, and a threew^elled ovarj. Fig. 1685. Aristolochia dematitis. 
common Birthwort, showing its cordate leaf, and clustered axillaxy inregnlar flowers. Insects are 
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but abundant in the tropical parts of South America. Species 130. 
lU, Gen. — ^Asarum, Aristolochia, Bragantia, Trichopodium. 

1426. Birthworts have pungent, aromatic, stimulant, and tonic 
properties. Some have been celebrated for their effects on the uterus, 
others as antidotes for snake-bites. 

Aristolochia, Birthwort. Varioos species, as A. longa, A. rotunda, A. ClematHis 
(Fig. 1636)t and A. indica, have been used as emmenagogues; the root being 
the officinal part The root of A. serpentaria, Virginian Snajce-root, formerly 
of repute in t 3 rphus fever, and also in cases of snake- bite, is a valuable stomadiic. 
Lindley thin^ that the celebrated Guaco of the Columbians may be A. angui- 
cida. The roots of many of the species are said to stupify snakes. A. cordata haa 
a crimson-coloured flower 17 inches in diameter. 

Asarum europium, Asarabacca (Fig. 288, p. 124), has acrid pro^rties. Its leaves 
and roots are used as a medicinal snuff. Asarum canadense is called Wild Gin- 
ger or Canada Snake-root 

1427. Nat. Ord. 192. — Nepbnthace.®, the Pitcher-plant order 
(Fig. 1638, and Fig. 331, p. 141). — Her- 
baceous or sufi&uticose plants, with alternate 
leaves, having calyptrimorphous ascidia at 
their extremities, wood in separable wedges, 
and racemose dioecious flowers. Perianth 
inferior, 4-leaved, imbricate. Stamens co- 
lumnar, with anthers collected into a head. 
Ovary superior, tetragonal, 4-celled ; ovules 
00 , ascending. Fruit a 4-celled, 4-valved 
capsule, loculicidal. Seeds with a loose 
testa, albuminous. Found in marshy ground 
in the East Indies and China.* Voelcker 
found that the fluid in the unopened pitcher 
of Nepenthes distillatoria, grown in the 

Edinburgh Botanic Garden, contained malic and a little citric acid, 
chloride of potassium, soda, lime, and magnesia. Species 8 or 10. Ill, 
Gen. — ^Nepenthes. 

1428. Nat. Ord. 193. — Datibcace^, the Datisca order. — Herbs 
or trees, with alternate exstipulato leaves, and $ ? flowers. Peri- 
anth, 3-4 divided, adherent to the ovary. Stamens 3-7, ovary unilo- 
cular, with 3-4 polyspermous parietal placentas. Fruit a 1 -celled 
capsule opening at the apex. Seeds strophiolate, exalbuminous. 

required for impregnation (page 6S9}. Fig. 1686. Flower of Arieiolochia laid open, to ihow the in- 
ferior ovary with Dmnerons ovules, and the irregular, adherent perianth. Fig, 1687. Flower of Aria- 
tolochia, with the non-adherent part of the perianth removed, showing the eplgyncras essential organs 
with the inferior ovary, the stamens united with the styles on a colnmn, and the radiating stigmas 
above. 

Fig. 1688. Flowering branch of ]!7epenthes distillatoria, the Pitcher-plant, belonging to the natnral 
(tfder Nepenthacese. The racemose flowers are teen with the operculate ascidia at the end of the 
leaves.— (See page 14t). 

* These plants are grown in great perfection by the Mesars. Veitch at Exstor, who have sent speci- 
mens of the pitdiers to the Museum ^ Economic Botany at Edinburgh. 
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The plants are scattered over various parts of the worid, chiefly in 
the northern hemisphere. Bitter and purgative properties are met 
with in the order. Some yield fibres. Species 4. IU» Gen , — 
Datisoa, Tetrameles, Trioerastes. 

1429. Nat. Ord. 194. — Empetbace^, the Crowberry order. — 
Shrubs, with heath-like, evergreen, exstipulate leaves, and small 
axillary unisexual flowers. Perianth of 4-6 hypogynous persistent 
scales, the innermost sometimes petaloid and united. Stamens 2-3, alter- 
nate with the inner row of scales. Ovary free, on a fleshy disk, 2-9-celled ; 
ovules solitary. Fruit fleshy, with 2-9 nucules. Seed solitary, as- 
cending ; embryo with an inferior radicle. A small group, allied to 
Euphorbiaceas, and distinguished chiefly by its ascending seeds and 
inferior radicle. Natives chiefly of the northern parts of Europe and 
America. Their leaves and fruit are often subacid. Empetrum 
nigrum, Crowberry, has black watery fruit, which is refreshing on the 
hills. Species 4. Ill, Gen, — Empetrum, Corema, Oakesia, Ceratiola. 

1430. Nat. Ord. 195. — Euphorbiace-®, the Spurgewort order 



I’lg. 1689. Pig. 1640. 


(Figs, 1689 to 1646). — Trees, shrubS, or herbs, with opposite or alter- 
nate, often stipulate leaves, and involucrate, unisexual, sometimes 

ngwei 1639 to 16M ilhutrato the natural order EaphorbiacesB. 

Fig. 1689. Buxus aempervirens, the Box-tree, with ita aggregated monoocioua flowers, the femalCt 
with three styles. It is the Teashur of the Bible.— (Sec note to page 101). Fig. 1640. Young item of 
Rieiima communis, Castor Oil plant, with alternate, peltate leaves, having a radiating venathm. It 
seems te bo the Kikayon of the Scripture, translated Gourd in the book of Jonah.— (See also Rg. S49, 
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achfattiiiTdeoiifi flowers (Pig. 1641). Perianth, when present, inferior, 
lobed, with glandular, scaly, or petaloid appendages. Stamens defi- 
nite or oo, separate (Fig. 1642), or united in one or more bundles (Fig. 
1645). Ovary 1, 2, or 3 or more-celled ; ovules 1 or 2, suspended. 





Fruit usually tricoccous (Figs. 1643 and 1646), the carpels separating 
with elasticity, sometimes fleshy and indehiscent. Seeds albuminous, 
often arillate. Embryo with a superior radicle (Fig 1644). Lindley 
considers this a dichlomydeous order, and as becoming monochlamy- 
deous or achlamydeous by abortion. The plants abound in equinoc- 
tial America. Some are found in North America, Africa, Indhi, and 
Europe. Species 2500. Ill, Gen, — Euphorbia, Poinsettia, Hura, Stil- 
lingia, Ccelebogyne, Mercurialis, Acalypha, Siphonia, Jatropha, Rici- 
nus, Rottlera, Croton, Crozophera, Cluytia, Andrachne, Xylophylla, 
Phyllanthus, Buxus. 

1431. 'l^e plants of the order are generally acrid and poisonous, 

p. Ill, and Bota). Fig. 1641. Inviducre, i, of Riphorbia, eontainiiig nmneroM naked male floiren, m, 
and onefemalerp, anpported on a stalk, and having three forked itylea at the snmialt of the three- 
celled orarj. Fig. 1^. Single achlamydeons male flower of Euphorbia, with a aeale, b, at the hue of 
the pedande, p ; the thickening near the top shows the point where the peduncle and stamen join. 
The latter bears a ditheeal anth«r. Fig. 1648. Section of tricoeoous fmlt of Euphorbia. Fig. 1644. 
SeeUott of a single carpel of the tncoccoos fhut, shewingthe perioup, the strophiolate teed, and the 
entbiTo in the axis of fleshy albumen, with a superior radicle. Fig. 1645. Potyadelphoss stamens of 
the nude flower of the Castor Oil plant Fig. 1646. Tncoceoua spiny fruit of the Oaatmr Oil plant 
Fes frnrther iUssinrtioiis, aoe Fig. 164, p. 117 { Fig. 506, p. 900 ; and Fig. 610, p. 996. 


svraoaauo&fi. 


m, 


abounding m a milky joke. Staiehy matter u procured from many 
of the species, as weO as oih and caoutchouc, 

Bculus sempervirencif the Box-tree. The Hebrew Teashur (Fig. 1630, and Fig. 402, 
p. 169) is a native of most parts of Europe and grows wdl in England, as at 
BoxhiU. The wood imported from the Levant is prized by wood engravers. 
The toaves are purgative. The wood of B. balearioa, Turkey-box, is also much 
used. 

Croton Eleuteria produces a tonic bark known by the name of CascariJla. Other 
species, as C. psendo-quina, C. nitens, supply a similar bark ; the former is called 
Copalcbe bark, a name which is also given to the bark of Strychnos pseudo- 
quina in Brazil. The seeds of G. Tiglium yield, by expression, Croton-oil, 
which is a drastic purgative in doses of one or two drops. 

Crozophora tinctoria yields Turnsole, a purple dye, which is made blue by Ammonia. 

Euphorbia Lathyris, Caper-spurge (Fig. 609, p. 226), has been used as a purgative. 
A cathartic oil is procured from its seeds. E. officinarum is the source of the pur- 
gative resin called Euphorbium. £. antiquorum and £. canariensis appear also 
to be sources whence Euphorbium is procured. Some of these plants have a 
Cactns-like aspect ; other Euphorbias have showy scarlet involucres, and some 
are very spiny, forming impenetrable hedges in Africa and India. The juice of 
E. phosphorea is said by Martius to give out light (p. 677). The roots of E. 
pilosa and E. palustris have been used as purgatives in cases of hydrophobia. 
Cattimandoo, a substance analogous to Gutta Percba, is procured in India from 
a species of Euphorbia, accoiding to Dr. Hunter The root of £. Ipecacuanha is 
used as an emetic. 

Hippomane Mandnella, Manzanillo de playa of Panama, is the famous Mancb ineel, 
the juice of which is a virulent poison. The fruit is beautiful, and looks like an 
apple. 

Hura crepitans, Sandbox tree, or Savilla of Panama, has an acrid juice. Its fruit 
consists of 16 carpels, which separate with great force, and with a loud noise. 

Janipha Manihot, or Manihot utilissima of Pohl, is the Cassava or Manioc plant. 
Its root contains much starchy matter, along with a narcotic poison, which can 
be removed by washing. In the variety called Bitter Cassava, there is a bitter 
matter mixed with the starch, while in the Sweet Cassava, called J. Loeflingii by 
some, there is no bitterness. The starch is used under the name of Cassava and 
Brazilian Arrow-root, and when prepared on hot plates and granulated, it is 
called Tapioca. In Bio, Cassava is called Farinha de Mandiocca. 

Jatropha Curcas (Cnrcas purgans), Physic-nnt, Coquillo, and J. mnltifida, have 
acrid cathartic seeds. The leaves of the latter are said to be used as a culinaiy 
vegetable in Panama, their poisonous qualities being destroyed by boiling. 

Merourialis, Dog-mercury, has only two carpels in its fruit It acts as an emetic 
and cathartic. 

Olddeldia afHcana is the tree which supplies the African Teak or Oak, which is highly 
valued as timber. Its weight is said to be 60 or 70 lbs. the cubic foot, while 
that of Oak and lialabar Teak seasoned is 49 lbs. only. 

Omphalea triandra is a Guiana plant, the juice of which turns black, and is used as 
Ink. 

Ricinus communis, Castor-oil plant, called also Palma Christ! and Pentadactylon (Fig. 
1640 ; Fig. 249, p. 118, and Fig. 264, p. 117), sometimes attains a great shU in 
warm climates. Its seeds yield Castor-oil by expression in the cold. The plant 
is supposed to be the Kikayon of the Bible, translated Gourd. 

Rottlera tinctoria has a mealy covering of its fruit, which yields a scarlet dye. The 
root also supplies a similar pigment Bed grandular dots are seen in the leaves. 

Stillingia sebiibra is the Tallow-tree of China. Its seeds yield a fSstty mattef, which 
is used ibr candles. The seeds are boiled and beaten to separate the tallow* As 
imported it is a hard whitish solid oil, which ftises at about 80^ 

8 M 
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S^bMiU dasUoa, a tne of Chdaiia and Braailt yieldi a laige qsfiiBfy of milky 
Jiiio 0 c&oatchonc. The bottle India-rubber is pirepaied Dtobi it* 

Xylophylla produces flowers on the edges of leaiy pedondes. Hits also occurs in 
oUier genera. 

1432. Nat. Ord. 196. — ScEPACBiB, the Scepa order. — Trees, with 
alternate stipulate leaves and unisexual flowers, resembling Euphorbi- 
acece, and differing chiefly in being amentiferous. The perianth is 4, 
5, or 6-leaved ; stamens 2-5 ; ovary 2-celled, ovules in pairs ; seeds 
arillate, often buried in hairs. Natives of India. Species 6. lU, 
Qm, — Scepa, Lepidostachys. 

1433. Nat. Ord. 197 . — Callitrichacfjb, the Starwort order. — 
Aquatic herbs, with opposite leaves, and minute axillary unisexual 
acMamydeous flowers. Stamen 1, rarely 2 ; anther reniform, l-celled« 
Ovary solitary, tetragonal, 4-celled ; ovules solitary in each cell ; 
styles 2. Fruit 4-celled, 4-seeded, indehiscent. Seeds peltate, albu- 
minous; embryo with a superior radicle. Natives of still waters in 
Europe and North America. Species 6, HL Qen, — Callitriche. 

1434. Nat. Ord. 198 . — CeratophyllaceuB, the Homwort order. 
— Aquatic herbs, with verticillate leaves and monoecious flowers. 
Perianth inferior, 10-l2-cleft; anthers sessile, 12-20; ovary l-celled, 
with 1 pendulous ovule. Fruit an achene ; seed exalbuminous ; 
embryo with an inferior radicle. Found in ditches in various parts of 
the world. Species about 6. Ill, Qen, — Ceratophyllum. 

1435. Nat. Ord. 199 . — Urticacb.®, the Nettle and Hemp order 
(Figs. 1647 to 1652), — Trees, shrubs, or herbs, with watery juice and 
iJtemate stipulate leaves (Fig, 1647), often covered with asperities 
or stinging hairs (Fig. 107, p. 45). Flowers unisexual, rarely g, 
scattered or collected into heads or catkins. Perianth divided (Fig. 
1650) ; stamens definite, opposite the lobes of the perianth, and inserted 
into its base (Fig. 1650) ; filaments sometimes curved and elastic (Figs. 
626 and 627, p. 229); ovary superior, l-celled, with a solitary ovule 
(Fig. 1 651) ; fniit indehiscent, with a single seed. Embryo straight, 
•hooked, or spiral, with or without albumen ; radicle superior (Fig. 1652), 

1436. There are two divisions of this order. Sub-order 1, Urti- 
0609, the true Nettles ; plants having often stinging hairs, and elastic 
curved filaments ; seed erect, albuminous ; embryo straight. Dis- 
persed over every quarter of the globe. Species about 300. Ill, 
Qtn, — Urtica, Bohmeria, Pilea, Parietaria, Rousselia. Sub-order 2, 
Cannabine®, the Hemp and Hop tribe ; rough plants, with erect fila- 
ments, suspended exalbuminous seed, and hooked or spiral embryo. 
Natives chiefly of temperate regions. Species 2. lU, Qen, — Canna- 
bis, Humulus. 

1437. Some of the plants have caustic juice connected with sting- 
ing hairs ; others yield valuable fibres. Occasionally narcotic qualities 
are present. 

Sab-order 1. UoTiGSi^ Kettloworta.— liany of the plants in this division follow tho 
footsteps of man, and are tbos scattered over the world. In the yonng state some Net- 
tles are nsed as potheihs. Usefol fibres are often furnished by their inner bark. 
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the film whenodCblnMegrass-dothiiiiukto. Tbenana- 
Ikctand material ia aaed to Jacket^ dreMes» and s^olcdli in India (See page 
28). B. Pnyaia put to a similar nae in Nipal and Sikkim. 



Fig. 1647. Fig. 1650. 


Urtica, the Nettle (Fig. 107^ p. 45), is well characterised by its stinging hairs. The 
effects produced by some species, sndi as U. crenulata and urentissima, are very 
severe and lasting. U. tenacissima yields a tough cordage in Sumatra. U. 
gigantea attains a height of 20 feet Some species produce esculent tubers. The 


Figures 1647 to 1653 illustrate the natural order Urticace». 

Fig. 1647. Farietaria ofllcmalis, Fellitory of the Wall, with alternate leaves and elnstered nniaexnal 
flowers. Its JUaments are curved and elastic (see Figs. 626 and 627, p. 229). Fig. 1648. Diagram of 
the barren flower of Urtics, Nettle, showing four parts of the perianth, ^ur stamens opposite them, 
and the abortive pistil. Fig. 1649. Diagram of the fertile flower of Urtica, Nettle, showing four divl* 
siona of the perigone (perianth), two of which may be reckoned bracts, and a single-celled ovary in 
the emtre, containing one ovule. Fig. 1660. The male (barren) flow«r of the Nettle, showing the peri- 
anth, four stamens with carved riastic filaments, and two-celled (dithecal) anthers ; in the centre is 
seen the rudiment of a pistil. Fig. 1651. Fertile (female) flower of the Nettle, showing two divisions 
of ihs perianth, the one-ceUed one.^eded ovary, and the penicillate sessile stigma at the kqp. Fig. 
1652. lohene of the Nettle, cut Tertically, showing the penicfllate stignm, it, the sing^ erect ovule, t, 
attached to the placenta, pi, and the embi^ with its siqierlor radide, r. There is very little aflntSMU, 
the embryo occupying nc^y the whole eavity of the seed. 
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SalM>rd0r2. CAXKABiNBiB, Hempwort 8 » «e odebrated ibr tbdr tesaeloiia u 
wdl as for thdr tonie and nai^e qualities. 

Oanaabifl satira (Fig. 47| p. fiS, and Fig. 574» p. 216) is fbe oonuaon Hemp plants 
which has been cnltirated fh>m the earliest times fisr the purposes of masiiikc- 
tore. The fibres are imported in Urge quantity from Russia. An Indian yariety, 
C. indica* possesses powerful narootio qualities. Its leaves are covered with a 
resinous matter called Ghnrrus. The names of Bhang, Gurjah, and Haschisoh, are 
given to the dried plant in different states. Bhang is much used for intoxication 
in India. The Indian variety, when grown in Bntain, does not possess narcotic 
qualities ; although the plant grows well, and attains a height of 10 fret or 
more, it does not produce the resinous varnish on the leaves. Under the name of 
Diamba, the plant is found in the interior of tropical Western Africa, near the 
Congo or Zaire river. It is used for the purpose of intoxicatioD, and is sold under 
the names of Maconie and Makiah, terms, as Hooker remarks, having a similarity 
to the Greek word Ifekon meaning Poppy. The Majoon of Calcutta, the Rupou- 
chari of Cairo, and the Dawamese of ^e Arabs, are also preparations of Hemp, 
used for intoxication. 

Humulus Lupulus, the Hop (Fig. 852, p 149), is cultivated on account of its bitter 
principle, Lupulin, which exists m the resinous scales (Fig. 110, p. 45) sur- 
rounding the fruit The plant has tonic and hypnotic properties. Its stem 
twines from left to right (Fig. 142, p. 69) Upwards of 20,000 tons of Hops were 

gathered in England m 1850 


1438. Nat. Ord. 200. — ARTOcARpACEiB, the Bread-fruit and Mul- 
berry order (Pigs. 1653 to 1659), — Trees (Fig, 1654) or shrubs, with 



F!g. 1658 lig 1664 Fig 1658 


a milky juice, and alternate lobed leaves, having large stipules (Fig. 
1653). The flowers are 3 $, and are collected into dense hea^ or 

Figures 1668 to 1659 illnitnte the natural order Artoearpaceas. 

Fig. 1668 Artocarpni Incisa, the Bread-fruit tree, with its pinnatifld leaves, spike of msle flowers, 
0 , end dense heed of frmale flowers, t, forming the anthocarpous or ptflygynosoial fruit Fig 16M. 
Galaetodendron utile, the Cow-tree of Demerara, which yields a nutcitire milky sap Ftg. 1615. 
Ksle flower of Moms nigra, Black Eolberry, ihewi&s four stamens opposite tha frur aegmeuia of the 
pensath, andihe TudiBieBtery ]fls(fi m the centre. Fig 1656 Frmt of the Mulberry, oomditiiig of 
numeroue female flowcri vaitad into e soeeulent mm It u a polygyucedal or aothoearpous fruit 
Fig. 1667. The ovary of the MuZberry cut verUcaUy, shewmg its sin^ cell, with a solitary pendukms 
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Fig 1666 
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tig 1669 


Fig 1666 


a sorosis (Fig. 1653, 5), or syconus (Fig. 1658). Perianth divided 
(Fig. 1655), often awanting; ovary 1-celled; ovules erector pendu- 
lous (Fig. 1657). Fruit polygyncecial or anthocarpous, consisting of 
achenes immersed in the persistent fleshy perianths (Fig. 1656), or 
situated upon (Fig. 1659) or within large fleshy receptacles (Fig. 
1658). Seeds albuminous or exalbuminous ; embryo straight or 
hooked (Fig. 1657). 

1439. There are two divisions of this order. Sub-order 1. Arto- 
carpefie, the Bread-fruit tribe, with flowers in dense heads, fruit usu- 
ally a sorosis, seed erect or pendulous, with a variable quantity of 
albumen, embryo straight; natives of the tropics. Species al^ut 
60. Ill Oen, — Brosimum, Antiaris, Artocarpus, Cecropia, Conoce- 
phalus, Treculia, Pyrenacantha. Sub-order 2. Moreae, the Mulberry 
and Fig tribe, with flowers in heads, spikes, or catkins, fruit a sorosis 
or syconus, seed pendulous, embryo hooked, albumen fleshy ; natives 
both of temperate and tropical climates. Species 184. III. Oen . — 
Morus, Broussonetia, Madura, Ficus, Urostigma, Sycomonis, Caprificus, 
Dorstenia, Trophis. 

1440. The plants of this order supply, in many instances, edible 
fruits; their mi£ky juice often abounds in caoutchouc, and, in some 


ovule» and a hooked embryo lyiug in fleshy albnmeii~4he radicle being folded on the oot)1odoiia agid 
pouting to the foramen which is at the top. The style is bifid, its lobes nnegnsl. lig. 1668. Fotygy* 
noedal or anthocarpous frnitof Hens Caries, the lig, being ahoUow receptacle, eontamuginimeirfiii 
flowers in ito interior 7ig 1669. Fruit of Dorsteais, the Contrayerra plant, eontistmg of a neep- 
tade beeruig nunerons fomale flowers, which ace muted to form a peJIygynaDdal or s&thoosrponsflnnU. 
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instances, is bland and nutritious, while their inner bark supplies fibres. 
Bitter, tonic, as well as acrid and poisonous properties, are found in 
the Older. 

Sub-order 1. Abtooabpbjb, the Bresd-froit tribe.~-Kdible flmite and Tindent poSeons 
are fbtind in this Snb-order. 

Antiaiis toxicaria Is a large tree^ whenoe the Javanese poison called Upas-Antiar 
is obtained^ and iviiich owes its activity to a peculiar principle AntUurin. It is 
often confounded with the Upas-T^jetteok) which is got from Stryohnos Tieutd, 
and contains Strychnia. A. saocidora is a gigantic tresi having a tnink 18 &et 
in ohrcnmference at the base. Its seeds are intensely bitter, and are found by Dr. 
Maclagan to contain a crystalline bitter matter. Its inner bark has tenacious 
fibres, which are used for cordage and matting. The tree is common in the 
jungles near Coorg, where the people manufocture cnrions sacks from it. A 
branch is cut corresponding to the length and breadth of the sack wanted. It 
is soaked a little, and then beaten with clubs until the liber separates ficm the 
wood. The liber, in the ibrm of a sack, is then turned inside out until the wood 
is sawed ofi; with the exception of a small piece left to form the bottom of the 
Bade. These sacks are in general use among the villagers for carrjring rice. 

Artocarpus incisa, the Bread-fruit tree (Fig. 1658), has large pinnatifid leaves, 
while A. integrifolia, the Jak or Jack-fruit, has undivided leaves. The former 
is the finer fruit ; the latter often attains a large size, weighing 80 or more 
pounds. 

Brosimum Namagua, according to Seemann, has a fibrous bark, which is used in 
Panama for garments, beds, ropes, and sails. 

Ocropia peltata has hollow branches, which are made into wind-instruments. Its 
bark also furnishes cordage. Its leaves are said to be a favourite food of the 
sloth. 

Galactodendron utile, the Palo de Yaca, or Cow-tree of South America (Fig. 1651), 
has a waxy emulsive juice, which is nutritive. 

Phytocrene is a peculiar genus, which has been put by Amott and Miers in a sepa- 
rate Dichlamydeous order Phytocrenacea, perhaps allied to Icacinacen and 
EbenacesB. It is a climbing shrab, with large medullary rays and intervening 
bundles of open ducts. It has unisexual flowers, with sepals and petals, fruit 
consisting of a large mass of aggregated drupes, and seed with copious albumen. 
The plant is called Water-vine, on account of the quantity of watery fluid which 
is discharged from its porous wood when wounded. 

Piratinera guianensis, Buracurra or Pairo, the Snake-wood or Letter-wood of D^e- 
rara, has beautiful markings, which render it valuable for furniture. A large 
spec^en is seen in the Museum of Economic Botany at Edinburgh. It is a tree 
60 to 70 feet high, and 2 to 3 feet in diameter ; milk exudes from the bark. 
The outer part of the wood is white and very hard ; the heart-wood which, in the 
largest trees, is not more than 6 or 7 inches in diameter, is of great weight, hard- 
ness, and solidity, of a beautiful deep-red, validated with black spots of different 
dzes and figures, and hence its name. 

SttbHMder 2. HosBiBy Mulberries and Figs. — Edible fruits and caoutchouc are sup- 
plied by this sub-order. Tonic, emetic, acrid, and cathartic properties also occur. 

BroaMonetla pepyrifera, the Paper-mulberry, is used in China and Japan for the 
manufacture Crape-paper. 

Dorstenia Conirayerva, and other spedea (Fig. 1659), have a stimulant, tonic, and 
diaphoretic rhizome, which is used medicinally under the name of Contrayerva- 
root. 

Ficus.Carica, the oommon Fig (Fig. 782, p. 268, and Fig. 1658), is used as alaxative 
and as a catap las m (Is. xxxviii. 21). It is the Teenah, the first tree mentioned 
by name in Seriptiire (see refaenoe in note, p. 268). Tvakey Figs are Imported 
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from SmyiHA in raudl boxeo called drnmi. The number of Figs impoarted into 
Britain in 1851 was nearly 700 tons. 

Bladara tinctoria supplies the yellow dye-wood called Fustic. M* anrantiaoat the 
Osage Orange, has its fruit dUed with a yellow matter, which is used as a dye. 

Moms nigra, the Black Mulbeny (Fig. 77A P* ^66, and 1656), appears to be the 
Greek Sykaminoe, translated Syoamine-tree in the BiUe. The Hebrew word 
translated Mulbeny in Scripture, seems to re&r to a spedes of Popiar^See 
refrrenoes in note^ p. 266). The leaves of Moms alba, the White Mulberry, and 
other species, are used for Ibeding silk-worms. Its root is used as a vermifoge. 

Sycomoms antiquorum (Ficus Sycomorus) is the Sycamore Fig, the Hebrew Sbik- 
moth and Shikmim, and the Greek Sykomoros* (Fig. 775, p. 266). The wood is 
very durable, and is said to have been used in the constraotion of mummy cases 
—(See references in note, p. 266). 

Urostigma (Ficus) elasticum (Macrophthalma elastica of Gasparrlni), and other 
species, supply caoutchouc abundantly. U. religiosum is the sacred Fig or 
Pippul-tree of India. U. indicum (benghalense) is the Banyan-tree of India 
(Fig. 121, p. 52). Some of the species when injui^ by the attack of cocci, give 
out a kind of gum lac. 

1441. Nat. Ord. 201 . — Ulmace.£, the Elm order. — Trees or 
shnibs with scabrous, alternate, stipuled leaves, and S or J ? flowers 
in loose clusters. Perianth inferior, membranous, campanulate and 
irregular. Stamens definite, attached to the base of the perianth. 
Ovary 1-2-celled ; ovules solitary, pendulous ; stigmas 2. Fruit 
1 or 2-celled, indehiscent, dry, or diupaceous. Seed solitary, without 
or with little albumen. There are two sections of this order : — Sub- 
order 1. OeltidesB, Nettle-trees, with a 1-celled ovary and amphitropal 
ovules. Sub-order 2. Ulmeae, true Elms, with a 2-celled ovary and 
anatropal ovules. Natives chiefly of northern countries. Species 60. 
Ill, Oen, — Celtis, Planera, Ulmus. 

1442. Bitter and astringent properties exist in the bark and fruit 
of some of the plants of this order. Many are valuable timber-trees. 

Celtis occidentalis. Nettle-tree, or Sugar-berry, produces astringent drupes, which 
are used in dysentery. The fruit is sometimes called Hackberries. C. orientalis 
has slightly aromatic qualities. The young branches of C. australis are used in 
mucous discharges. 

Ulmus, Elm, has a samaroid fruit. U. campestris, the Fmglish Elm, has small 
leaves, while U. montana, Wych, or Scotch Elm, has large leaves. The latter 
alone flowers and fruits freely in Scotland. A variety is called the Weeping 
Elm. The inner bark of U. campestris is astringent ; that of U. fulva, the slippery 
Elm of North America, is mucilaginous, and is used in decoction as a demulcent. 
Elm wood is soft and tough, and resists well the action of water. 

1443. Nat. Ord, 202. — STiLAOiNACBiK, the Stilago order. — Trees 
or shrubs with alternate, stipuled leaves, and minute $ $ flowers in 
scaly spikes. They are allied to Urticaceas, and are chiefly distin- 
guished by their large d isk and vertical antherine cells, opening trans- 
versely, and having a fleshy connective. Their fruit is drupaceous, 
and seed suspended and albuminous. Natives of the East Indies and 
of Madagascar. The drupes of Antidesma pubescens, and of Stilago 
Bunias, are sub -acid and ^ible. Species about 20. HU -Anti- 
desxna, Stilago, Falconeria, Stilaginella. 

* From two Greek worde, ugnifring Fig inS Mulberry, the tree resembling the former in its frnlt. 
end the latter in its leaves. 
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1444. Nat Ord. 203 , — ^Lacistbmace^, the Ijaoistema order. — 
fihnibfl with alternate, simple stipnled leaves, and 9 or $ $ flowers m 
axillary catkins. Perianth free, divided, with a large bract Stamen 
1, hypogynoiis ; connective separating antherine cells, which open 
t^sversely. Disk often fleshy. Ovary 1 -celled ; placentas parietal. 
Fruit a 1 -celled 2-3-valved capsule, loculicidal. Seeds suspended, 
arillate, albuminous. Natives of the tropical woods of America. 
Species 6. IlL Cfen. — ^Lacistema, Synzyganthera. 

1445. Nat. Ord. 204. — Podostemonaceas, the River-weed order. 
— Submersed aquatic herbs, with capillary or minute leaves, which are 
often densely imbricated. They have the aspect of Mosses or Liver- 
worts, Flowers usually g. Perianth imperfect or 0, sometimes of 
3 parts, with a spathe. Stamens 1, or many, hypogynous. Ovary 
2-3-celled,* placenta parietal or axile. Fruit a 2-3-valved capsule. 
Seeds numerous, exalbuminous ; embryo orthotropal. Chiefly natives of 
South America. Some of the species are used for food. Species about 
100. Ill, Gen, — Hydrostachys, Lacis, Podostemon,Tri8ticha,Weddelina. 

1446. Nat. Ord. 205. — CnLORANTiiACEiE, the Chloranthus order. 
— Herbs or undershnibs, with jointed stems, opposite simple leaves, 
sheathing petioles, interpetiolar stipules, and spiked 5 or J ? 
flowers. Scaly bract, no perianth. Stamens de^ite, lateral, 1 or 
more ; anthers 1-2-celled, with a fleshy connective. Ovary l-celled ; 
ovule orthotropal. Fruit drupaceous. Seed pendulous; embryo 
minute, at the apex of fleshy albumen ; no vitollus. Natives of the 
warm regions of India and America chiefly. They have aromatic and 
stimulant properties. The leaves of Chloranthus inconspicuus are 
sometimes used to perfume tea. The roots of C, officinalis are used as 
fragrant antispasmodics and stimulants. Species 15. Ill, Gen, — 
Hedyosmum, Ascarina, Chloranthus, Sarcandra. 

1447. Nat. Ord. 206, — Saururacea:, the Lizard^ s-tail order, — 
Marshy herbs, with alternate, stipuled leaves, 5 spiked flowers, each 
supported on a scale. Perianth 0. Stamens 3-6, hypogynous, club- 
shaped, persistent. Ovaries 3-4, distinct or united. Ovules few, or- 
thotropal. Fruit of 4 achenes, or a 3-4-celled capsule. Embryo in a 
vitellus, outside mealy albumen, at the apex of the seed. Natives of 
North America, China, and Northern India. Their properties are 
acrid. Species 7. Ill, Gen, — Saumrus, Houttuynia. 

1448. Nat. Ord. 207. — Piperaceje, the Pepper order (Figs. 1660 
and 1661). — Shrubs or herbs with jointed stems, usually opposite or 
verticillate leaves, stipules sometimes present, flowers in spikes, 
each supported on a bract, no perianth. Stamens 2 or more ; ovary 
free, 1 -celled; ovule 1, erect, orthotropal. Fruit somewhat fleshy, 
indehiscent, l-celled, 1 -seeded. Seed erect ; embryo in a vitellus or 
fleshy sac outside the albumen, and at the apex of the seed. The 
stems of Pepper have a peculiar arrangement of the woody matter in 
wedges and not in concentric zones. Natives of tropical regions, 
especially in America and Asia. Species 600. HI, Gen, — Peperomia, 
Macropiper, Chavica, Cubeba, Piper, Artanthe. 




Fig. 1660. 


Fig. 1661. 


to the presence of an acrid resin, an oil, and a crystalline matter called 
Piperin. Some possess narcotic qualities, others are astringent. 

Artanthe elongata, a native of South America, has st 3 rptic leaves, which are used as 
astringents under the name of Matico. They are employed to arrest hemorrhage, 
an effect which is perhaps partly mechanical. Other species of Artanth^ as A. 
adunca and crocata, are used as aromatics. 

Ghavica Roxburghii, and other species (Fig. 1660), produce Long-pepper, which is 
the dried female spikes. The leaves of C. Betle are chewed by the Malays af 
stimulants. 

Cubeba officinalis, and other species, produce the aromatic pungent fruit called 
Cubebs, used in arresting mucous and other discharges. The plant contains a 
resin, volatile oil, and a principle called Cubebin. C. canina and C. borboniensis 
are allied species, which probably also supply Cubeb-pepper, 

Macropiper methysticum has a thick rhizome which, 
under the name of Ava or Kava, is celebrated 
for its intoxicating and narcotic qualities. 

Piper nigrum (Fig. 1661) is a climbing East Indian 
plant, the dried unripe fruit of which constitutes 
Black-pepper. White-pepper is the ripe fruit 
with the dark outer fleshy covering washed off. 

These Peppers are used as condiments and sti- 
mulants. 

1450. Nat. Ord. 208. — Myricace^, the 
Gale order (Fig. 1662). — Amentiferous 
shrubs or small trees, with resinous glands, 
alternate leaves, and unisexual flowers. 

Perianth 0, Stamens 2-8, usually in the 
axil of a bract ; anthers 2-4-celled. Ovary 



Figures 1660 and 1661 illustrate the natural order Fiperaoen. 

Fig, 1660. Branch of Piper lougum, a species of Chayica. perhaps C. ftozhni^bii, showing its 
spiked female flowers, which, when dried, constitute Long Pepper. The leaves are cordate acute. 
Chavica peepuloides and C. offidnamm, as well as the spedes already mentioned, supply the officinal 
Long Pepper, according to Miquel. Sec his Systema Piperaceamm Nova Acta xxi. and Suppl. Jig, 
1661. Piper nigrum, tho plant which yields Black and White Pepper, with its spiked flowers and oor- 
dato*aottniinate leaves. 

Fig. 1662. Myrica eerifera, Wax Myrtle, Bay Myrtle, or Candloberry bush, one of Uie Myrioacem. 
It lias alternate simple leaves, and bears male and female flowers in catkins. Ite sueonlatt fruit is 
covered with a waxy secretion, hence its spedfle name. 
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l^oelled, with hypogynoue Bcales ; ovule solitary, orthotropal ; stigmas 
2. Fruit drupaceous, often covered with wax, and with adherent 
fleshy scales. Seed solitary, erect, exalbuminous ; embryo with 
superior radicle. Found both in temperate and in tropical countries. 
Species about 20. UL Oen, — Myrica, Comptonia. 

1451. The plants have aromatic, tonic, and astringent properties. 
Tannic and benzoic acids, as well as wax, resin, and oil, are procured 
from different species. 

Comptonia asplenifolia, Sweet Fern, is used in North America in diarrhosa. Its 
bark is astringent and aromatic, and its leaves contain glandular dots. 

Myrica Gale, Gale, or Scotch or Dutch Myrtle, is common in moist heathy grounds 

^ in Britain. When boiled it supplies a kind of wax which floats on the surfiace 
of the water. It yields an oil. The berries of M. cerifera, Wax Myrtle or 
Candleberry (Fig. 1662), ftimish a greenish-coloured wax when put into hot 
water. Other species yield wax. The flruit of M. Sapida is lightly acid and 
eatable. 

1452. Nat. Ord. 209. — Salicace.®, the Willow order (Figs. 
1663 to 1670). — ^Amentiferous trees or shrubs, with alternate, simple. 


Fig. 1668. Fig. 1664. 

stipuled leaves, sometimes with petiolary glands, and i $ flowers. 
Perianth 0, or cup-h*ke. Stamens 2-30. Ovary superior, 1-celled ; 

Figures 1668 to 1670 illustrate ttie amentiferous natural order Salicaoett. 

Fig. 1668. Saliz sBgyptiaca, a species of Willow found m Palestine, and supposed by some to be 
the Hebrew Tsa|ditsapha, tnmslatod Willow-tree in Eeek. xviL 5. Fig. 1664. Branch of Salix, Wil- 
low, wiib au amentum or catkin of male dowers. Fig. 1666. Branch of Willow, with a spike of ft- 





Pig, 1669. 


Fig 1668. 


Iflg. 1666. 


Fig. 1667. 


2 valved, polyspermal. Seeds covered with basal silky hairs, exalbu- 
minous; embryo erect, with an inferior radicle. Chiefly found in 
northern regions ; some grow on the high mountains of South Ame- 
rica, others in antarctic regions. Salix arctica and polaris extend flir- 
ther north than any other woody plants. S. herbacea is the smallest 
British species. Species 220. lit Chn, — Salix, Populus. 

1453. The plants of this order are useful timber tree^ and they 
are employed for various economical purposes. Their bark is tonic and 


male flowen. Fig. 1606. Single male flower of a Willow, ihowing the tingle bract, hr, bearing 2 ita- 
mena, with a gland, g, at the bate. 'Hie flower it called naked or achlamydeout. Pig. 1667. Single 
female flower of a Willow, with bract, hr, hearing a atipitate or ttalked ovary, with 2 tiigmat, «<, 
at the nimmit, and a gland, p, at the bate. The flower it alto naked. Fig. 1668. Comote teed of the 
Willow, ahowing the hairt proceeding fkom itt bate. Fig. 1669. Fopnlna alba, the White F< ylar t ree, 
or Abflie. Fig. 1670 Popolnt tremtda, the trembling Poplar or Aapen, with itt ronnded erenato- 
dentate leavea, long petiolet flattened laterally, and amentnm or catkin. It ia anppoted to be one 
of the plant! inclnded under the Hebrew wordi Baca and Becaun, and tranflaied either Baea or 
Mulberry treea in Soripture.--See refereuoee in note, p. 184. ^ 
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astringent. The downy matter snrrounding the seeds is used for 
stuffing cushions, and for making paper. 

PopTiltis» Poplar, contains many important species, such as P. alba, White Poplar or 
Abele (Fig. 1669), the bark of which is febrifugal, P. monilifera, Black Italian 
Poplar, P. tremnla, trembling Poplar or Aspen (Fig. 1670), supposed to be the 
Baca and Becalm ot Scripture, translated Mulberry trees (p. IM), P. fkstigiata 
and dilatata, the Lombardy Poplar, which is common in plantationa, P. nigra. 
Black Poplar, and P. bidsamifera, Balaam Poplar, erroneously supposed by 
LmnaBua to jdeld the balsamic resin called Tacamahac. The Hebrew word 
Libneh, tnuL^ted Poplar (Gren. xxx. 87, and Hos. iv. 18X is supposed to refer to 
the Storax tree (See Kat Ord. Styracacess, p. 841). Layard says, the only trees 
within the limits of Assyria sufficiently large to furnish beams to span a room 80 
or 40 feet wide, are the Palm and the Poplar. Their trunks still form the roofs of 
houses in Mesopotamia. The boats now employed on the lower part of the Tigris 
and Euphrates, are constructed of planks taken from a species of Poplar, probably 
PopuluB enphratensis. 

Salix is the genus which contains the various species of Willow, Sallow, and Osier, 
used for basket-work and charcoal, as well as medicinally. The bark of S. alba, 
S. Helix, S. purpurea, S. fragilis, S. capreoa, S. pentandra, and many other 
species, contains a bitter tonic principle called Salicin. S. babylonica is the 
Weeping-willow, supposed to be the Hebrew Oreb or Orebim, written also Arab 
and Arabim, and translated Willows (Lev. xxiii. 40 ; Job xl. 22 ; Ps. cxxxvii. 
2 ; Is. XV. 7, and xliv. 4). In all these passages allusion is made to the trees as 
growing by the brooks, the water courses, and the rivers. In Job. xl. 17, the 
same word is translated Cedar. 

1454. Nat. Ord. 210 . — ^Altinqiace-® or Balbamiflujb, the Liquid- 
amhar order. — Amentiferous unisexual trees, with alternate, stipuled 
leaves, and involucrate catkins. Anthers oo, nearly sessile, with a 
few minute scales. Ovaries 2-celled, collected into a round mass, 
each with a few scales ; styles 2 ; ovules oo, amphitropal. Fruit, 
consisting of 2> celled capsules, enclosed in 
scales, and fonping a sort of cone. Seeds 
winged, peltate, albuminous ; embryo invert- 
ed, radicle superior. Natives of the warmer 
parts of India and America ; also found in 
the Levant. Species 3. IlL Gen. — ^Liquid- 
ambar. 

1455. Fragrant and balsamic properties 
are met with in this order. The bark of 
some of the plants is bitter. 

Liquidambar styraciflua, L. orientalo, and other 
species, yield a balsamic juice called Liquid- 
arobar, often confounded with liquid Storax. 

1456. Nat. Ord. 211. — BETULACEiE, the 
Birch order (Fig. 1671). — ^Amentiferous trees 
or shrubs, with alternate, simple, stipuled, 

often feather- veined leaves, and unisexual dowers, which have small 

Fig. 1671. Betula slba, the common Biroh, an amenUferous tree, belonging to the natural carder 
Betolaeen. Its male flowers, a, are prodoeed In scaly catkins, and they have no proper perianth ; 
||s female flowen, are in scaly spikes or catkins, and are also naked. 
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scales in place of a perianth. Stamens opposite the scsJes. Ovary 
2-celled; ovules 1 in each cell, pendulous, anatropal; stigmas 2. 
Fruit dry, indehiscent, 1-celle^ 1-seeded. Seed ezalbuminous ; 
radicle superior. In Alnus there is a 4-leaved membranous perianth. 
Chiefly found in northern and cold regions. Species 65. lih Gen , — 
Betula, Alnus. 

1457. The plants of this order are usually timber trees with deci- 
duous leaves. Their bark is tonic and astringent. 

Ainas glutinosa, Alder, grows in moist places. Its wood resists wdl the action of 
water, and hence has been used for the piles of bridges. The Rialto at Venice is 
built on Alder piles, and so are many houses in Amsterdam. The bark is used 
as an astringent gargle, as well for dyeing and tanning. Sabots are made of the 
wood. A. incana is used in Kamtschatka for building and for fuel, and bread 
is manufactured from its bark. 

Betula alba and glutinosa, the common Birch, adds much interest to the mountain 
landscape. An empyreumatic oil procured from the white rind is used in prepar- 
ing Russia leather, and gives to it a peculiar odour. A wine is made from the 
saccharine sap. The w6od is tough and white, and is used for charcoal. The bark of 
B. pap 3 rracea is used in North America for making boats and various other articles. 
B. nigra, Black Birch, has hard and valuable timber. It, as well as B. lenta, yields 
sugar. The bark of B. Bluyapaltra is used in some parts of India as paper. 

1458. Nat. Ord. 212. — CoRYLACEiE or Cupulifer.®, the Hazel 




Fig. lera. Fig. 1676. 

and Oak order (Figs. 1672 to 1676j. Amentiferous trees or shrubs, 

Figures 1873 to 1676 illustrate the ameutiferons natural order called Cotjlaoev or CupuUten. 
Fig. 1673. Qnorcua ®gUops or Vakmia, the great Fneklj-eupped Oak. Along wiUi other ipeoiis 
of Oak, it is included in the Hebrew word Allon, translated Oak (Oen. azzv. 8 i Josh. six. 88 1 1sJ|< 
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with simple, alternate, stipulate, often feather-veined leaves, and 
monoecious flowers (Fig. 1676). Barren flowers in catkins. Sta- 



Rg. 1674. Hg.ieTS. Slg.l67B. 


mens 5-20, inserted in the base of scales, or of a membranous valvate 
perianth. Fertile flowers aggregate (Fig. 1676, $), or on a spike. 
Ovary, with several cells (Fig. 1675) crowned by the remains of an 
adherent perianth enclosed in an involucre or cupula (Fig. 257, p. 116). 
Ovules in pairs or solitary, pendulous or peltate ; stigmas several. 
Fruit a glans (Fig. 1674, and Pig. 778, p. 267) ; seed solitary, exal- 
buminous. The plants abound in the forests of temperate regions in 
the form of Oaks, Hazels, Beeches, and Chestnuts. Species about 280. 
/K. Gen. — Corylus, Carpinus, Ostrya, Fagus, Castanea, Quercus, 
Lithocarpus, Callseocarpus. 

1459, The plants of this order afford valuable timber and edible 
seeds. Astringency also prevails in a marked degree in the bark. 

Carpinus Betulus, the Hom-beam, has white, hard, and tongh wood, which is used 
in taming, and for implements of hosbandry. Its wood bums like a candle. 
The inner bark yields a yellow dye. 

Castanea vulgaris, or C. vesca, the Spanish Chestnut (Fig. 1181, p. 438), is much 
cultivated on account of its timber. Its nuts also are used as food in the South 
of Europe. About 60,000 bushels are imported annually into Britain. The 
nunous Castagno del cento cavalli of Mount JEtna seems to be composed of 
several trunks. C. americana produces a small sweet Chestnut, which is occa- 
sionally imported from the United States. 

Corylus Avellana, the common Hazel (Fig. 1670, and Fig. 851, p. 149), yidds ex- 
cellent charcoal for drawing. It grows wild in the forests of t^ temperate parts 
of Europe, and in many parts of Asia. There are many varieties of Hazel-nut, 
such as the White and Filbert, the great and clustered Cob, and the Barce- 


18 ; V). 13 ; xliv. 14; Hos. iv. 18 ; Amoi il 9 ; Zech. xi. 2). Another Hebrew word Alah, translated 
alto Oak 3 is supposed to be the Terebinth tree, noticed nnder Anacardiace8e(p.797}. Fig. 1678. Querent 
infectons, the ipedet which is said to produce the Aleppo galls. These are caused by the puncture 
of the or^KMitor of the Biplolepis or Cynips Gallse-tmctorum. In the blue state the galls contain 
the larra, m the white perforated state the insect has escaped. Fig. 1674. Acorn of the Oak, called 
glans. The orary is suiroimded by a cup, consisting of united bracts (p. 148 ; see also Fig. 778, p. 
867}. Fig. 1676. Traiisrerse sectiim of the youog aoorn, shewing its three carp^ with two ovules in 
eariL Two of the carpels and ftve of the ovulgi are obkterated during the growth of the hmit, which 
thus becomes unilociilar and monoipffntal. F!ig. 1676. Flowering branch of Ckiryhu Avellana, the 
Haxri or Easel, bearing male flowers ^ in catkins (amentitooiis), and female flowen $ in roanded 
Hie latter in a mature etate are eeen in Fig. 851, p. 149. 
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lom nnt In 1850, the Import of iinti Into Britain, according to Archer, waa 
above 140,000 bnehels. Knte yield an dl which ia need by watchmakera and 
by artiatB. 

Fagns aylvatica, the common Beech, aappUea timber for variona purposes. Its 
fruit, under ie name of Beeoh-maai^ la eaten by pigs. F. fermginea of North 
America has edible ihdt. F. antarctica la an antarctic spedea, while F. Forsteri 
ia found at Tierra del Fnego, and is evergreen. 

Oatrya virginica yields hard timber, and has been called Iron-wood in America. 

Quercus Bobnr is the common British Oak (Fig. 209, p. 120), the bark of which is 
used for tanning and as an astringent remedy. There are two variedes, (me with 
stalked acorns (Fig. 1674 and Fig. 778, p. 267), and another (Q. sessiliflora) with 
sessile firait Some consider these as spedes, and describe an intermediate one. 
The cnps of Qnercns iEgilops (Fig. 1672, and Fig. 257, p. 116) are used by dyers 
under the name of Yalonia. The tree is called the great Prickly-cupp^ Oak. 
It is a handsome tree in the Levant It is said that 150,000 cwt of Yalonia 
are annually imported Into Britain. Along with other species of Oak, such as 
Q. Ilex Evergreen Oak, Q. Granununtia holly-leaved Montpelier Oak, Q. 
crinita hairy-cupped Oak, and Q. cocdfera or Kermes Oak, it is induded pro- 
bably in the Hebrew word Allon, translated Oak in Scripture. The galls pro- 
duced by attacks of insects on the Oaks, and especially on Q. infectoria (Fig. 
1073), a native of Asia Minor, are used for tanning and for making ink. The 
outer part of Q. Saber (Fig. 173, p. 72) constitutes Cork. Q. tinctoria yields the 
Quercitron bark, used as a yellow dye. Quercus cocdfera, the Kermes Oak 
(Fig. 1308, p. 699), derives its name from a species of coccus which adheres to 
the branches, and forms reddish balls about the size of a pea. These yield a 
crimson dye which was formerly much in request. The dye was used by the 
Hebrews, and seems to be referred to in the word translated Scarlet in Is. L 18, 
and Lam. iv. 6, which also means a kind of worm. Up to 1851 the nomber of 
known species of Oak was estimated at 230. They are found principally in the 
northern hemisphere. The number of species belonging to Europe, Asia, and 
Africa, is reckoned about 110, and the American species upwards of 100. In 
Europe, north of the Alps, there are only 2 or 8 de(ddaou8 spedes. In southern 
Europe there are 18, mostly evergreen. Q. esculenta, Hex, and Ballota in the 
south of Europe, Asia Minor, and northern Africa, and Q. Hindsii in America, 
yield edible fruit. Q. Phellos, Bannisteri, tinctoria, palustris, rubra and cocdnea, 
do not ripen their fruit until the second year. The two latter have blood-red 
leaves in autumn. Q Hex is by some supposed to be the Hebrew Tirzah, trans- 
lated Cypress in the Scripture. 

1460. Nat, Ord. 213. — CAsuARiNACEiE, the Beefwood order. — ^Leaf- 
less trees, with pendulous, jointed, striated, sheathed branches, and 
spikes or heads of unisexual flowers proceeding from bracts. Barren 
flowers in spikes, and whorled round a jointed rachis. Perianth 
2-leaved, with 2 alternating bracts. Stamen 1, carrying up the united 
2 leaves of the perianth in the form of a lid. Fertile flowers, capitate, 
without a jointed rachis, and naked. Ovary 1-celled ; ovules 1 or 2, 
orthotropal ; styles 2. Friiit, winged achenes, combined into a brac- 
teated cone. Seed exalbuminous ; episperm with spiral cells ; radicle 
superior. Tropical or suh-tropical plants, having the aspect of Equi- 
setums. They abound in Australia. Their wood is ha^ and heavy, 
and on account of its colour is called Beefwood. The bark of some of 
the species of Casuarina is tonic and astringent, C. quadrivalvis is 
called She-oak. Species about 30. HL Oen. — Casuarina. 

1461. Nat. Ord. 214. — PLATANACEis, the Plane order (Figs. 1677 
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to l€79)«— Amentiferous trees or shrubs, with alternate, deciduous. 



Fig. 1678 



Fig 1670 


palmate, or toothed, stipulate leaves, and unisexual naked flowers in 

globose catkins (Fig. 1678). 
Barren flowers — Stamens sin- 
gle, mixed with scales. Fertile 
flowers — Ovary 1 -celled; style 
thick and subulate. Ovules 
1-2, orthotropal, suspended. 
Nuts clavate, with a persist- 
ent style. Seeds usually soli- 
tary and albuminous ; radicle 
inferior. Natives of the Levant 
and North America chiefly. 
They are fine trees, but their 
timl^r is not durable. Plata- 
nuB orientalis, Oriental Plane 
(Figs. 1677 and 1678), has 
palmate leaves resembling 
those of the common Syca- 
more. It grows in the west- 
em part of Asia, and extends 
as far east as Cashmere. Its wood is fine-grained and hard, and when 
old it acquires dark veins so as to resemble walnut wood. The tree 
was vidued for its shade by the Greeks and Eomans, and it was held 
sacred in the east. It seems to be the Hebrew Armon, translated 



Figure! 1677 to 1679 lUuitrate the natural order Flatanacees. 

Fig. 1677. Platanu! onentalis, the Oriental Plane, luppoaed to be the Hebrew Armon. tranilated 
Cheatnnt-tree in the Bible (Oen. zxx. 87 ; Exek. xxxi. 8)* Pig. 1678. Branch of Platanne onentalii, 
ahowing the i^oboae duftera or oatkmi of female flowera. Fig. 1679. Platanns ooddentalie. the Ame- 
nean Plane-tree. It le called Button-ball in America, from the form of Ha caUdna. 




OhestBnt in Scripture. P. oocidentaHs (Pig. 1679) has timber of a 
reddish colour. Species about 6. IG.. ffen.— Platanus. 

1462. Nat. Old. 215, — JuoLANDACBiB, the Walnut order (Fign. 
1680 to 1684), — Trees with alternate, pinnate (Fig, 1680), stipuled 



Fiff. 1680. 



Fig. 1681. 



Fig. 1682. 


Fig. 1684. 



Fig. 1688. 


leaves, and unisexual flowers. $ : Amentiferous (Fig. 1681). Perianth 



Figarei 1680 to 1664 illustrate the natural order Juglandacese. 

Fig. 1680. Branch of Juglans regia, the Walnut-tree, with an impari-pinnate leaf and a dnster of 
dmpaeeoui fimit It appears to be the Hebrew Egoz, translated nnts in Scripture (Song of Solom. tL 
12). Fig. 1661. Amentum or catldn of the Walnut-tree, containing numerous mde flowers amidst 
scales or bracts. Fig. 1682. Entire drupaceous fruit of the Walnut-tree. It is sometimes odled a 
Tryma (p. 285). The Greeks called it Karuon or Karuon basilikon, royal nut ; also Fersikon m Per- 
sian. The name JuglanI means Jupiter’s nut, Jovis glaus. Hg. 1688. The Walnut, with the eploarp 
sad meeocarp xemored, showing the bard 2-TalTed endooaip, which sends processes inwardtfrom its 
inner sarfkce. Fig. 1684. Xsaibiunisoae seed or kernel of the Walnut, cut traneversely, ^hwlng the 
divisione whieh eonreepond to the hard prodeotioni of the endocarp or shelL The seed a i-lobed at 
its apeg and base. 

dN 


qAiUmi(aUfr--8AFPIiB8TACE«. 


Mi 

S4^piii6d, idth « fioalj bract. Stam^ S or mom. $E : Is temiml 
Fosters or in loose racemes, mth distmot or united braotau Perianth 
adherent, 8-5-dinded. Ovary 2-4-celled at the base, tmilooular at 
the apex. Ovnle solitary, orthotropal, and erect ; style 1 or 2. Fruit 
a tryma (Fig. 1682), endocaip stony and often 2-vaJved (Fig. 1683). 
Seed exalbuminous, 2-4>lobed at the base, and partly divided by par** 
tial dissepiments (Fig. 1684). Natives chiefly of North America. 
Some are found in the East Indies, Persia, and the Caucasus. Species 
27. HL Gen, — Juglans, Carya, Pterocarya, Engelhardtia, Fortunssa. 

1463. The plants are fine trees with edible oily seeds and an acrid 
bark. Purgative qualities are found in some of the species. 

Carya alba, the common Hickory-tree, produces an eatable nut The wood is tough 
and elastic. The seeds of 0. amara are very bitter. G. oliyiefonnis produces 
an dliptical nut called the Peccan-nut, which is used like the Walnut 

Jnglana regia, the Walnut-tree (Fig. 1C80), is a graceful wide-spreading tre^ afford- 
ing a grateful shade. It seems to be the Egoz of Scripture translated Nuts. 
The Walnut, according to Boyle, extends from Greece and Asia Minor, over 
Lebanon and Persia, as far as Cashmere. The outer covering of the is 
astringent and the apermoderm when fresh is bitter. Its seeds yield a drying 
oil in large quantity. Its leaves when bruised have an agreeable odour. The 
wood of J. nigra, Black Walnut has a fine brown colour, and is valued in car- 
pentry. J. cinerea supplies the Butter-nut of Canada. 

1464. Nat. Ord. 216 . — Garryace^, the Gairya order. — Shrubs 
with opposite, exstipulate leaves, and amentiferous unisexual flowers, 
surrounded by united bracts, t : Perianth of 4 leaves, alternating 
with 4 stamens. Perianth adherent, bidentate. Ovary 1 -celled; 
styles 2 ; ovules 2, pendulous with long cords. Fruit a 2 -seeded 
berry. Embryo minute in the base of fleshy albumen. The wood is 
not arranged in circles, and there is an absence of dotted vessels. 
Natives chiefly of the temperate parts of America. Species 6. IlL 
Ghn. — Garrya, Fadgenia. 

h, 8P0B0QENJE OB BBIZANTEJE, 

Having Spore-like Seeds with an Acotyledonous Ernbryo, 

1465. Nat. Ord. ^217.— 
Rafflesiace.£, the Baffiesia 
order (Fig, 1685). — Stemless 
and leafless parasites, consisting 
only of Jf or $ : $ flowers grow- 
ing on the branches of trees. 
Perianth superior, with a 5- 
parted limb, thickened processes 
or calli either distinct or united 
into a ring, being attached to 

Fig. 1685. Raffleiia Amoldi, ■ Bhisauth or Rhiiogen, belouging to the natural order 
It ie parasitic on a epedea of Cmas. The perianth bai a 6-lobed limb. The throat ihmri a prelect- 
ing ring. In tite intenor ia the column beaxinR the CMential organa of reprodnction. 



the tlu!oat of the tube. The eeseiitial oigeiui eie combined ia a oolumn 
(eyaema) which adheres to the tube of the perianth. Anthers 2*c6lled| 
either dikinct and opening by vertical apertures, or combined together, 
so as to become a multicellular mass opening by a common pore. 
Ovary l-celled, placentas parietal. Fruit indehiscent. Seeds co; 
embryo cellular, undivided. East Indian and South American plants, 
parasitic on species of Cissus and on some LeguminossB. Species 16. 
JIL Om . — ^B^esia, Sapria, Apodanthes, Pilostyles. 

1466. Some of the plants are said to be styptic. Their perianth 
has a fungoid appearance. 

Baffleaia Arnold!* a Sumatra parasite* is capable of containing twelve pints of fluid 
in its cup. llie flower is said sometimes to have a weight of 14 lbs. B. Patma 
is employed as an astringent and styptic in Java. R Honfleldi* R. Cumingi* 
and R. ^chnssenii, have similar prop^es. 

1467. Nat. Ord. 218. — Cytinaceas, the Cistus-rape order. — ^Root- 
parasites, having g or S ? flowers, which are either solitary and 
stemless, or proceed from bracts arising from a scaly stalk. Perianth 
has a tubular form, and a 3-6-lobed limb. Anthers sessile, 2- 
celled, opening longitudinally. Ovary inferior, 1-celled; placentas 
parietal. Fruit containing pulp. Seeds oo, immersed in pulp, and 
with a leathery covering; embryo undivided. Natives of the south 
of Europe and the Cape of Good Hope. Parasitical on the roots of 
Gistus, and on those of some succulent plants. Astringency is a pro- 
perty of some of the plants. Some exhale a peculiar animal odour. 
Species 7. Ill Oen, — Cytinus, Hydnora, Hypolepis. 

1468. Nat. Ord. 219. — Balanophoeacejs, the Balanophora order. 
— ^Leafless root-parasites, with tubers or rhizomes, whence proceed naked 
or scaly peduncles, bearing heads of unisexual bracteated flowers, 
mixed with filaments, i : Flowers generally white. Perianth tubular, 
3-5-lobed or entire. Stamens 3-5, rarely 1 ; anthers free or united 
into a multicellular mass. ? : Perianth having its tube closely invest- 
ing the ovary, and its limb 0 or bilabiate ; rarely 6-leaved. Ovary 
1-celled; ovule a pendulous, cellular nucleus; styles 1-2. Fruit 
somewhat drupaceous. Seed solitary, albuminous ; embryo undivided. 
Parasitic on the roots of various Dicotyledons, and abounding on the 
mountains of tropical countries, especially the Andes ani Himalaya. 
lU. Qen* — Balanophora, Cynomorium, Sarcophyte, Lophophytum, 
Helosis, Corynea, Phyllocoryne. 

1469. Some of the plants have styptic properties. Some have a 
very fetid odour; others, as Lepidophytum and Ombrophytum, are 
eatable. 

Oynomoriimi'ooocmeaxD* commonly called Fungus melitensis, a Maltese plant* has 
been long celebrated for arresting hemorrhage. 

Mystropetalon is a genus of monoecious root-parasites* resembling Balanophora, 
and forming* according to Dr. Hooker* a distinct order, Mystropetalinie. 
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disc-bearing woody tissue (Fig. 1689), linear, acerose or lanceolate, 
parallel-veined leaves, sometimes clustered and having a membranous 
sheath at the base (Fig. 1688) ; flowers unisexual and achlamydeous. 
Male flowers in deciduous catkins, each consisting of 1 stamen or of 
several united ; anthers 2 or many-celled, dehiscing longitudmally, 
often crested above (Fig. 1 690) Female flowers in cones ; scales 
arising from the axil of membranous bracts supplying the place of 
ovaries ; n^style nor stigma ; ovules naked, 1, 2, or several, at the 
base of each scale, with a large micropyle at the apex (Fig. 1698). 
Fruit a cone (Fig, 1692) formed of hardened scales, sometimes with 


Fignres 1686 to 1696 illottrate the natural order ConiferoD 

ng 1686 Cedruf libani, tbe Cedar of Lebanon Fig 1687 Callitrii quadrlTidvifl, called also 
Tbtqa articolatar the Arar-tree, ■which yields Thyine wood and Sandarach Ilg 1688 Linear leayea 
dT linns Shrobns in a cluster of five, with a scaly aheath at the base ]• ig 1689 Punctated or diso- 
bearing woody tissue of a Coniibr Fig 1690 stamen of a Conifer, n ith longitudinal dehiscence, ml, 
containing pollen, pol, and terminated by a crest at the apex 1691 Eipe curved pollen of a 
Fir, with the extine separated and appearing as hemispherical portions at the extremities of the 
grains Fig 1699 Cone or ftnit of Finns sylyeatris, Scotch Fir Fig 1698 Scale, sm, of a young 
oone separated, with two ovulea, oe, at the base, having large mioropylea, mie Fig 1694 Sk^e of 
a mature cone, with two winged seeds at the base, the micropyle, m, and the ohalaxa, eh. Fig 
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4ibe addKiitm of btwrta atso, wlikili «1ih«rdkH^ppoitf, or Ijeon&e enkiged 
and bbed. Seed vith a hard enutaoeoai i^penaodemt, eometimee 



wmged (Fig. 1694, and Fig, 893, p. 297) ; embryo in fleshy ofly 
albi^n, sometimes polyootyledonous (Fig. 928, p. 307) ; radicle 
having no definite boundary, but losing itself among the lax cells of the 
albumen near the apex of the seed. Conifers are found in various 


IWB OoMor^tofCBpwMMMmpenlrMii, tlMCTOrM» Us 1«M FnuUng Inneh of loal. 
pern ooomM^ junipw, -with linear aceroae leavea, and rooenlent cones called gaUmh* 

I>*0OBonthewood,Pjg8B6,66^and67, p. JSjPinMStoobii. 
Fine, Rg, 1138, p 486 , P reunoaa, Fig 1134> p 436, impregnation of GonlAm, p. gT$, 
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purts of the world, both in cold and in warm climates. They are 
most abundant in temperate regions, both in the northern and southern 
hemispheres. In the former they occur in the form of Pines, Spruces, 
Larches, Cedars, and Junipers, while in the latter we meet with species 
of Araucaria, Eutassa, and Dammara. Species 120 or more. The 
two following divisions have been adopted : — Sub-order 1. Abietinesa, 
the Fir tribe; ovules inverted, pollen oval, or curved (Fig. 1691). 
lU. Gfen. — ^Pinus, Abies, Picea, Larix, Cedrus, Gunninghamia, Arau- 
caria, Eutassa, Dammara. Sub-order 2. Cupressinen, the Cypress 
tribe; ovules erect, pollen spheroidal, cone occasionally succulent, 
forming a galbulus. Ill Oen. — Juniperus, Fitzroya, 8axe-Goth«a, 
Thuja, Lib^edrus, Cryptomeria, Cupressus, Callitris, Widdringtonia, 
Taxodium. 

1471. Conifers supply valuable timber, and yield resin, oil, 
pitch, and turpentine of various kinds. 

Abies indades different species of Fir and Spruce, in all of which the leaves come off 
singly. In th^ true Abies group the leaves are flat, and the scales of the cone 
deddnons, while in the Picea section the leaves are tetragonal, and the scales are 
persistent. Abies balsamea, the Balm of Gilead Fir, and A. canadensis, Hem- 
lock Spruce, yield Canada Balsam. The leaves of the latter, along with those of 
Abies nigra, supply by boiling the extract used in making Spruce Beer. A. 
pectinata, the Silver Fir, furnishes Strasburg Turpentine. A. excelsa, Kurway 
Spruce (Fig. 1122, p. 436), supplies common Frankincense or Thus. M. Gross has 
succeeded in making paper fimm the wood of this pine. The wood must not 
be too old. It is reduced to a pulp and then formed into paper. The printing- 
paper made from Pine-wood is said to be excellent. It is also said to be superior 
« paper for printing in colours. Pasteboard made of it is very strong. A. 
Douglasii is a gigantic Pine of California, which thrives well in Britain. It 
attains a height of 245 feet, with a circumference of 57| feet at 8 feet from the 
ground; A. grandis 224; A. trigona 800; A. alba and A. rubra 160-170 feet 
The bracts of Abies bracteata, bracteated Silver Fir, have an dongated process 
2 inches in length, many times longer than the scales of the cone. 

Araucaria contains Chilian and Australian species, which have single-seeded scales 
with adherent seeds, and many-celled anthers. A. imbricata from Chili, and A. 
Bidwillii from Moreton Bay, have edible seeds. The latter are called Bonya- 
Bunya. The former tree attains the height of 234-260 feet. A. Cnnninghami is 
the Moreton Bay pine. 

Callitris quadrivalvis, the Arar-tre^ appears to yield the resin caUed Sandarach or 
Pouno ^ns ed for scattering over manuscripts. According to Boyle and others, 
it is tlffrhyine-wood of the Bible, and the Citron-wood of the Bomans. The 
tree is a native of Mount Atlas and other hills on the coast of Africa. Its timber 
is balsamic, odoriferous, and durable. The timber-work of the roof of the 
Mosque^ now the Cathedral of Cordova, built in the 9th century, is of this wood. 
In Australia there are 12 or 15 species of Callitris. Th^ are oftw called C}'- 
press-pines. C. australis is the Oyster Bay pine. 

Cedrus libani, the Cedar of Lebanon (Fig. 1686, and Fig. 1130, p. 488), is the Eres 
or .^es of the Bible, celebrated in the construction of the Temple of Solomcm. 
It is a iride-spreading tree 50-80 feet high, with horizontal branches. Some 
of the old Cedars still exist on Lebanon. Belon, about 1550, found these Cedars 
28 in number; Bawolf in 1574^ 24; De la Boque in 168^ 20; Maundrell in 
1696, 16; Pococke in 1744-45, 15; Lamartine in 1882, 7. C. Deodara, the 
Deodar, is a noble Himalayan Cedar, which some have thought to be a variety 
Ik of the Cedar of Lebanon. Its wood is durable, is not liable to warp, nor is it sub- 
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ject to the attaolL of inieots* Hedden etetei, that In the temple at 

Kanawar, which is snppoied to be th)ni dOO to 800 yean old, the Deodar beame 
were perfect. Pieces from the Zein-ul-Kjftdol bridge in Cashmere were only slightly 
decayed, although exposed to the action of water for 400 yean. The Deodar 
is infrrior to the Finns longiiblia, Cheer, in resisting pressure at i^t angles. 
Mi^or Madden mentions Deodars 10, 20, BO, and 86 fiset in girth, and 100 to 200 
feet high. 

Gryptomeria japonica, the Japan Cedar, is a gracefol tree, a recent ralnaUe addition 
to the Conifers cultivated in Britain. 

Cupressus includes the various species of Cypress. C. sempervirens, common Cyp- 
ress (Fig. 881, p. 293), is supposed to be the Berosh or Beroth of the Bible, trans- 
lated Fir. The word Tirzah, translated Cypress in Is. xliv. 14, is supposed to 
refer to the Quercus Ilex or Evergreen Oak. The Cypress has a tapering form 
resembling the Lombardy Poplar. It attains a height of 50 or 60 feet. It is a 
native of the Grecian Archipelago, Asia Minor, Syria, Persia, and Palestine. Its 
wood is very indestructible. The gates of Constantinople, which stood for more 
than 1000 years, were made of this wood. It has been thought that the Etz- 
Gopher, Gopher-wood, mentioned in Gen. vi. 14, included the Cypress as well as 
other Coniferous woods. The leaves of C. thyoides, according to lindley, are 
poisonous. 

Dammara is represented by a species in the southern hemisphere, and by another 
in the northern hemisphere. The former, D. australis, is the Kaurie or Cowdie 
Pine of New Zealand, which attains a height of 200 feet, and supplies valuable 
timber for masts, as well as a hard useful resin. The latter, D. orientalii^ yields 
the Dammar resin of India. 

Eutassa excelsa (Fig. 59, p. 26) is the femous Norfolk Island Pine, which grows to 
the height of 181-224 feet, and the wood of which is very valuable. The wood, 
like that of the Araucaria, is marked by alternating double discs (Fig. 58, p. 26). 

Joniperus includes the species of Juniper. They have a succulent cone called gal- 
bulus (Fig. 880, p. 292), and the fruit is familiarly designated as a berry. The 
fruit of J. communis (Fig. 1696), common Juniper, yields an oil which has 
diuretic properties, and enters into the composition of Hollands. The wood is 
reddish, and serves for veneering. The volatile oil procured from the branches 
and leaves of J. Sabina, Savin, is a very active and dangerous emmenagogue. 
The wood for forming Cedar pencils is got from J. bennudiana; a less valuable 
sort comes from J. virginiana, the Red Cedar. The latter plant is used in America 
as a substitute for Savin, Dr. Fleming has pointed out, that Cedar-wood cabinets 
are injurious to objects of natural history, as well as to instruments of different 
kinds. The resinous matter becomes deposited over the objects like a varnish, 
^e recommends White American Fir as the best material. J . Oxycedms has very 
durable wood, and was, according to some, used by the Greeks in carving the 
images of their gods. Its empyreumatic oil is used in skin diseases under the 
name of Huile de Cade. The Hebrew word Rothem, translated Juniper in 
Scripture, seems to refer to a species of Broom (Fig. 583, p. 2(JI^. 

Larix includes the Larches, which have clustered deciduous leaves. L. europiea, 
the European Larch (Fig. 1120, p. 485), is a valuable timber tree which succeeds 
well in Britain. It yields Venetian turpentine. A saccharine matter like Manna 
exudes from its branches. 

Finus includes Gie Pines, in which the leaves are in clnsters of 2, 8, 4, or 5, sur- 
rounded by a membranous sheath at the base, which may be looked upon as the 
primary leaf, from the axis of which the others proceed. P. sylvestris, the 
Scotch Fir (Fig. 51, p. 25), supplies turpentine and pitch, which are also procured 
from P. Pinaster the Cluster Pine, P.palustris the Swamp Pine of Virginia, 
and P. T»da the Frankincense Pine. The inner bark of the Scotch Fir supplies 
the Bark-bread of Norway. From the leaves of Pinus sylvestris M. Pane^ta 
makes a hemp-like fibre, called Pine-wool, which Is employed for stufifeig piUows^ 
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oiidiiona»aadiiukttraise«. Itissaidtolastlong,ftndtorefciiiittBdi8tidtj;itdoe8 
not htrboor inseote, and does not become monldy, Itisalso woven into blankets 
and ooontetpanes. AmamifiMsttire of Pine>woo1 is carried on near fireslatu The 
liquid or decoction developed by the process contains pmsslo add and oleo- 
resinons matter. The maritime varied of P. Pinaster, called the Bonrdeaox 
Pine, thrives well on the sea-shore, and binds together the loose sand. ^ P. Pinea, 
the Stone Pine, supplies edible seeds. It is the sotnoe of Carpathian Balsam. 
P. Pumilio supplies Hungarian Balsam. The Hebrew word Oren, translated 
in Is. xliv. 14f Is conjectured to be a spedes of Pine. Pinos Fremontiana 
attains a height of 224 feet; P. Lambertiana 224-285; P. Strobus 180 to 200, 
and sometimes even 266 feet. 

Sequoia gigantea is said to attain a height of 800 feet. 

Taxodium disdchum, the Ahuahnete of the Mexicans, the deddnous Cypress, at- 
tains the height of 120 feet, with a diameter of 82 to 40 feet, according to Hum- 
boldt (Aspects of Nature, ii. 94.) 

Thqja. The spedes of this genus are known by the common name of Arbor-vitie. T. 
ocddentalis is very fragrant, while T. orientalis is not so. T. gigantea in Colum- 
bia attains the height of 180 feet 


1472. Nat. Ord. 221. — TaxaceuE, the Yew order (Figs. 1697 to 
1699). — Trees or shrubs having narrow, evergreen, alternate, or dis- 
tichous leaves (Fig. 1697), 
which are either veinless or 
have a forked venation. Close- 
ly allied to Coniferee, and 
generally included as a sec- 
tion of the order, but dif- 
fering in not producing true 
cones. They have monadel- 

' phouB stamens (Fig. 1698); 
solitary, naked ovules, and 
their seed is supported on, or 
enclosed by, a succulent cup- 
sbapedreceptacle (Fig. 1699). 
They are natives of temper- 
ate regions, and abound in 
I Asiatic countries. They are 
found also in Europe, New 
Zealand, and at the Cape of 
J^e 99 . Hope. Known species 
about 60. Zuccarini esti- 
mates the species of Coniferae and Taxaceae at 208, of which about 
160 are in die northern hemisphere, and about 50 in the southern. 
IlL Gan. Taxus, Podocarpus, Dacrydium, Fhyllocladus, Cephalo- 
tKxus, Salisburia. 

1473. Like the Conifers they 3 rield valuable and durable timber, 
along with resinous and astringent matter. Some are poisonous. 



► Kg. 1697. 


KguraB 1607 to 1609 Ulnitrate the natural order TaxacesB. 

Pig. 1097. Diatlcboafi leavee of Taxna baocata, the Yew. Kg. 1698. Stamlnifexoos flower of the 
Tew, with braets at the bate and numeroua mooadelphous etamena. Some consider this as one sta- 
men divided into numerous antherlne cells by the connective. Fig. 1609. Fruit of the Yew, a naked 
seed partially enclosed in a succulent raceptacle. 
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PiMsrydiiun the KiUcaterro New ZoalAiid^ is s Icrf^tre^ prodadng 

TalnaUe wood. P. onpreasinitm, iheDimon pin^ is sometimes 218 fleet hig^ 
D. Fnmklinii is the fimiotis Hood pine of AuatraJia, which attains a height of 
60-100 fleet, with a diameter of 2-8 feet. Xt yields a Tidoable timber. 

Podooarpos Totarra, the Totanra, is said to be the most highly prized timber- 
tree in New Zealand. P. dac^dioides is the Kaikatia of that country ; P. spi- 
cata, the Mai or Matai; and P. ferrui^ea, the Miro or Maira. 

Salisbiiria the Ginko, has a resinous fealty which is used by the Chinese 

under the name of Pa-Kwo. 

Taxus baccata, the common Tew, has a beautifol red coTering of its seed. Its leaves 
and seeds are narcotico-aorid. The wood is very indestructible, and the tree attains 
a great age. Some Yews are recorded upwards of 8000 years old. The outer por- 
tion of the wood is much esteemed for makiiig bows. 

1474. Nat. Ord. 222. — Gnetacb.®, the Jointed-Fir order. — Small 
trees or creeping shrubs, not resinous, with jointed stems and branches, 
and opposite, reticulated, sometimes scaly leaves. They are closely allied 
to Conifer» and Taxace®, and are chiefly distinguished by the want 
of true cones, by the male flowers having a 1 -leaved perianth, by the 
anthers being 1 -celled and porose, by a third ovular covering next 
the nucleus being protruded through the foramen in a style-like man- 
ner, and by their long, twisted embryonic suspensor. The episperm 
is succulent. Natives of temperate as well as warm regions in 
Europe, Asia, and South America. The seeds of several of the species 
are eaten. Within the succulent episperm of Gnetum urens, stinging 
needle-like cells exist. Species about 20. HI. Oen. — Ephedra, 
Gnetum. 

1475. Nat. Ord. 223. — Cycadacea:, the Cycas order (Figs. 1700 





Fij.irol. 

and 1701).— Small palm-like trees or shrubs, with nnbranched 

ngWM 1700 and 1701 Ulaatrate the natural order CycadaooK. 

Ilg. 1700. Cyoai reroluta, one of the false Sago plants found in Japan. Fig, 1701. Eneaphalartos 
(Zamia) pungens, another storob-yielding Cycad. 
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occasioaally dichotomons, marked with leaf-soars, aiHl having large 
mednllary rays, along with pitted woody tissue. Leaves pinnate, and 
usually circinate in vernation. Flowers S $ and achlamydeous. 
Males in cones, the scales bearing clusters of l-celled anthers on their 
lower surface. Females consisting of ovules on the edge of altered 
leaves, or placed below or at the base of scales. Seeds either hard, 
or having a soft, spongy spermoderm, sometimes polyembryonous ; 
embryo hanging by a long suspensor in a cavity of fleshy or mealy 
albumen; cotyledons unequal. Natives chiefly of the tropical and 
temperate regions of America and Asia. Species 46. HI. Cfen . — 
Cycas, Dion, Zamia, Encephalartos, Macrozamia. 

1476. Cycads have a mucilaginous juice, in which there is often 
much starch, which is used for food. 

Coreas revoltita (Fig. 1700), a Japan species, lias starchy matter in its stem, which is 
coUected and eaten like Sago. C. circinalis, in the Moluccas, yields a similar kind 
of fklse Sago, as well as a gummy exudation resembling Tragacanth. 

Dion edule deriyes its specific name from the fact of its starchy seeds yielding a kind 
of Arrow-root in Mexico. 

Encephalartos is also a starch-producing genus. Many of the species supply what is 
called Caffire-bread. E. pungens (Fig. 1701) ripened its fruit at Chatsworth. 
Zamia is also amylaceous. Some of the species supply a kind of Arrow-root in the 
West Indies. 

1477. Analysis of the natural orders of Monochlamydeous Exogens, 
with references to the numbers of the orders in tbe preceding pages. 

1. ANGIOSPEEMiE. 
a, SPEBMOQEN^. 

1. Achlamydeous Exogens (without a perianth). 

a. Leaves extHpvhte. 

Flowers hermaphrodite. 

Embryo in a vitellus 

Embryo not in a vitellus 

Flowers unisexual. 

Flowers amentaceous, carpel single 

Flowers not amentaceous, carpels two or more 

Fruit indehiscent, seeds peltate 

Fruit nsuidly tricoccous, seeds not peltate . 

b. Leaves stipulate. 

Flowers hermaphrodite. 

Carpel solitai 7 . 

Ovule erect, emhiyo in a viteUns 

Ovule 8nspende(^ no vitellus 

Carpels 3 or 4. 

Ovule erect, embryo in a vitellus 

Flowers unisexual. 

0 vai 7 l-celled. 

Ovules namerooi^ comose 

Ovules solitary or is pairs. 


. PiperacesB, 207. 
Podostemonacei^ 204. 

. Myricacese, 208. 

. OalUtrichaceiB, 107. 
. Euphorbiaces, 195. 

. nperacesB, 207. 
r Chloranthacei^Ofi. 

. SanruracesB, 206. 
SalicacesB, 200. 
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Omle erect 

Onile pendulous ... 

Oraiy 2 or more-celled. 

Seeds winged 

Seeds not winged 

2. Apetalous Exogens (having a single perianth). 


tf. Ovaiy superior. 

* Leaves eaatipulate. 

Flowers hermaphrodite. 

Carpel solitaiy. 

Anther-valves recurved Lanracei^ 178. 

Anthers slit. 

Leaves lepidote (covered with scales) Elssagnaoen, 188. 

Leaves not lepidote. 

Perianth long or tubular. 

Perianth partially hardened. 

Base hardened Nyctaginacen, 169. 

Tube hardened SderanthacesB^ 173. 

Perianth not hardened. 

Stamens in the points of the perianth ... Proteacete, 182. 
Stamens not in the points of the perianth. 

Ovule orthotropal, erect PolygonaceiOi 176. 

Ovule anatropol, pendulous ThymelieacesB, 185. 


Perianth short, not truly tubular, segments 
nearly separate to the base. 

Stamens hypogynous. 

Stamens alternate with the segments or oo Phytolaccaceae,174. 


Stamens opposite the segments. 

Flowers bracteated AmaranthaoefB,170. 

Flowers not bracteated Chenopodiacess,!?!. 

Stamens perigynous Basellacea), 172. 

Carpels more than one, either separate or combined. 

Carpels several, separate Phytolaccace8B,174, 

Carpels several, combined into a solid pistil. 

Seeds exalbuminous. 

Perianth tubular. 

Ovary 2-celled Aquilariacess, 186. 

Ovary 4-celled Penasacess, 1^. 

PerianUi not tubular, imperfect, or spathaceous Podo8temouacesB,264. 
Seeds albuminous. 

Perianth coloured, embryo peripherical Phytolaccacea9,174. 

Flowers unisexual. 

Carpels solitary or quite separate. 

Perianth tubular. 

Anthers opening by recurved valves AtherospermaoesB, 179. 

Anthers opening longitudinally Myristicaceie^ 180* 

Perianth open, not tubular. 

Seeds exalbuminous, embryo straight 

Perianth 2-leaved Casuarinacess, 218. 

Perianth many-parted Ceratophy]laoe8B,198. 

Seeds albuminous. 

Embryo peripherical Chenopodiaoeie^ 171. 

Embryo Straight Monimiacese^ 181. 


Caipels more than one^ combined into a 8(^d pistiL 
. Ovules definite. 


HyricacesB, 808. 
Platanaoese, 214. 

Altinglacese, 210. 
Euphorbiac^ 196. 
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Ovule ascending Empetraoeae^ 194. 

Ovule suspended * £iiphorbiaoeas» 195. 

Ovules indefinite. 

Leaves with ascidia N^thaoesB,192. 

** Leaoes stipuMe. 

Flowers hermaphrodite. 

Carpel solitary. 

Stipules ochreate Polygonacess, 176. 

Stipules simple Petiveriacei^ 176. 

Carpels more than one combined into a solid pistil. 

Leaves with roimd solitary transparent dots Samydaceee, 188. 

Leaves without dots. 

Perianth regular, in a double row Chailletiacess, 187. 

Perianth irregular, in a single row Ulmace®, 201. 

Flowers unisexual. 

Carpel solitary. 

Antherine cells perpendicular to the filament Stilaginacess, 202. 

Antherine cells parallel to the filament. 

Sap watery Urticacess, 199. 

Sap milky Artocarpacete, 200. 

Carpels more than one combined into a solid pbtil. 

Amentiferous. 

Seeds arillato. 

Stamen 1, connective large Lacistemacem, 203. 

Stamens 2-5, connective inconspicuous Scepaceie, 196. 

Seeds not arillate Betulacese, 211. 

Not amentiferous Euphorbiacess, 196. 

6. Ovary inferior, or partially so. 

* Leaves exsHpulate, 

Flowers hermaphrodite. 

Ovary d-6-c^ed, many-seeded Aristolochiacess, 191. 

Ovary 1-celled. 

Style 1 SantalaceiB, 190. 

Styles 8-5 Homaliacess, 189. 

Flowers unisexual. 

Amentiferous. 

Iicaves alternate Myricacess, 208. 

Leaves opposite. 

Simple leaves Garryacess, 216. 

Compound leaves Juglandacess, 216. 

Not amentiferous Datiscacen, 198. 

** Leaves stipulate. 

Flowers hermaphrodite. 

Style simple Aristolochiacess, 191. 

Styles 8-5 * Homaliaceas, 189. 

Flowers unisexual. 

Fruit cupulate Corylaoeie, 212. ^ 

Fruit naked. 

Simple (monogynoecial) Begoniace®, 177. 

Multiple (polygynoBcial) Artocarpaceie, 200. 

6. 8P0B0QENJE OE EHIZANTHJE, 

Ovules solitary Balanophorac6ie,219. 

Ovules indefinite. ^ 



DXOSQOBBiJCSJg;. 


915 


Mtb^ opening liy eHts CytinioeiB, 218. 

Antiien opening bj pores Re flBeei aceaB, 217. 

2. GYMNOSPEBMiB OB GYMNOGEN.®. 

Stem jointed Gnetaoefe, 222. 

Stem not jointed. 

Leaves pinnate Qfcadaces^ 228. 

Leaves simple. 

Seeds in cones Coniferas, 220. 

Seeds soUtary Taxace«,221. 

Among Thalamidoral Ezogens, the following orders contain Monochlamydeons or 
Aohlaxnydeous species Eantmculacee 1, MenispermacesB B, Papaveracese 13» 
Flaconrtiaceas 18, Caryophyllaceae 28, Stercnliaceae 81, Bjrttneriaceas 82, Tiliac^ 
88, Malpighiacee 45, Geraniacese 5^ Rutacem 68, Xanthozylacem 64. 

Among Calycifloral Exogens, the following orders contain Monochlamydeons or 
Achlamydeons species Celastraceas 68, Bhamnacess 70, Am3rridace8s 72, Legn- 
minosffi 74, Rosace® sect Sanguisorbe® 76, Lythrace® 78, Combretace® 81, Myr- 
tace® 86, Halorageace® 90, Cucorbitace® 92, Passidorace® 95, Portnlaeace® 97, 
niecebrace® 98, Tetragoniace® 101, Saxifhigace® 105, Cnnoniaoe® 107, Loran- 
thace® 118. 

Among CoroUidoral Exogens, the following orders contain Monochlamydeons or 
Achlamydeons species Oleace® 188, Primnlace® 166. 

Some consider Begoniace® 177, Ghailletiace® 187, Samydace® 188, and Homaliace® 
189, as truly Dichlamydeons, referring them to the Thalamifloral and Calycifloral 
divisions of Exogens. 


CLASS n.-MONOCOTYLEDONES, ENDOGENJl, OB 
AMPHIBRYA. 

SUB-CLASS 1.— DICTYOGEN-®. 

Endogem having Net-veined Leaves^ which usually disarticulate with the 
Stem. Woody Matter of the Rhizome disposed in a circular wedge- 
like manner. 

1478. Nat. Ord. 224, — DioscoREACEiE, the Tam order. — Twining 
shrabs, with epigeal or hypogeal tubers, usually alternate leaves, and 
small, bracteated, unisexual flowers growing in spikes. Perianth 
6-cleft, in 2 rows, herbaceous, adherent. Stamens 6, inserted into the 
base of the perianth. Ovary inferior, 3-celled ; ovules 1-2, suspended; 
style trifid. Fruit compressed, 3-celled, 2 cells often abortive, some- 
times fleshy. Seeds albuminous ; embryo in a cavity. Chiefly found 
in tropical countries. Tamus, however, grows in temperate regions. 
Species 150. Rl. Oen. — Tamus, Testudinaria, Dioscorea, Kajftnia, 

1479. Acridity prevails in the order, but it is often associated 
with a large amount of starch. 
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DioMONA. Yarioviipeciesof this genus, such as D. sativa, D. alhta» and D. acnlaata, 
produce edible tubers which are known by the name of Tatn^ and ore used like 
potatoes. The acrid principle in them is much diluted, and probably disappears 
by boiling. 

Tamus communis, Black Bryony, has an aorid purgative and emetic root, and 
a baccate fruit of a red colour. Its young shoots are occasionally used as Aspa- 
ragus, but they are not safe. 

Testudinaria Elephantipea has a remarkably tuberculated tuberous stem, and has 
been called £lephant’s-foot or Tortoise plant of the Cape. The central ceUular 
part is eaten by the Hottentots. 

1480. Nat. Ord. 225. — Smilace.®, the Sarsaparilla order (Figs. 
1702 and 1703). — Herbs or shrubby plants, often climbing, with 



Fig. 1702. 



petiolate leaves jointed to the stem, and hermaphrodite or unisexual 
flowers. Perianth 6-parted. Stamens 6, perigynous or hypogynous. 
Ovary 3-celled ; stigmas 3 ; ovules orthotropal. Fruit a few or 
many-seeded berry. Seed albuminous. Natives of temperate and 
tropical regions. Species about 120. HI, Gen, — Smilax, Kipogonum. 

1481. The plants of the order have demulcent, mucilaginous, and 
diuretic properties. 

Smilax embraces the various species of Sarsaparilla, the roots of which are used 
medicinally as tonics and alteratives. S. officinalis supplies Jamaica Sanapa- 
liila, which is the best S. syphilitica, and probably S. papyracea, as well as S. 
brasiliensis, famish the Lisbon or Brazilian Sarza; while S. medica is said to be 
the source of the Vera Cruz sort S. aspera and S. excdsa are used as sabstitutes 
in the Sontii of Europe, and many other species are employed in diffisrent parts 
of America and Asia. What is called China root is the produce of S. China. 

1482. Nat Ord. 226. — Trilliacejb, the Trillium order. — Herbs 
with tubers or rhizomes, verticillate leaves, and large terminal {{ 
flowers. Perianth of 6 or 8 parts, in 2 rows, the inner sometimes 
coloured. Stamens 6, 8, or 10, with apicilar processes. Ovary supe- 
rior, 3-5-celled; placenta axile; styles 3-5. Fruit succulent, 8-5- 

Flgwes 1702 and 170R iUmtrate the natural order Smilseeae. 

Pig. 1703. Smilai mdis, with cordate acute leaves which are jointed with the stem. Fig. 170S. 
Betlonlatsd Issfof Smilaz, with stiimlary tendrils. 
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celled. Seeds albominotus. NatiTes of the temperate parts of 
Etuope, Asia, and North Atneiica. The propertieii of the order are 
acrid, narcotic, and emetic. Paris quadrifolia is said to be narcotico- 
acrid.* The rhizomes of Trillinms are often emetic. Species 30. 
m. Oen. — Paris, Trillium, Medeola. 

1483. Nat. Ord. 227 .— Roxbitbohiacejb, the Boxburghia order.— 
Twining shrubs, with large, solitary g flowers, allied to Trilliacese, 
and distinguished chiefly by their 1-celled, 2-valved fruit, with a basal 
placenta. Perianth 4-leaved, coloured. Stamens 4, hypogynous. 
Ovules anatropal. Natives of the hot parts of India. Species 4. 
HI. Gen. — ^Boxburghia. 

1484. Nat. Ord. 228. — Philesiace^, the Philesia order. — A 
small order, nearly allied to the last, from which it differs in its tri- 
merous symmetry, parietal placentas, and orthotropal ovules. The 
plants are found in Chili, and seem to have properties like Smilax. 
Lapageria rosea is a showy climber. Species 2. IH. Oen, — ^Philesia, 
Lapageria. 


SUB-CLASS 2.— PETALOIDEAE OB FLOBID^. 

1. EPIGYNJE. 

Perianth adherent^ Ovary inferior^ Flowers usually Hermaphrodite. 

1485. Nat. Ord. 229. — Hydkocharidace.®, the Frog-bit order 
(Fig. 1704). — Aquatic plants, with spa- 
thaceous, ^ , or unisexual flowers. Peri- 
anth of 6 leaves, the 3 inner petaloid. 

Ovary 1-celled, or spuriously 3-9-celled ; 
stigmas 3-9 ; placentas parietal. Fruit 
dry or fleshy, indehiScent ; seeds exal- 
buminous ; embryo straight, orthotropal. 

This order ought probably to be placed 
among the unisexual plants, and close 
to NaiadacesB. Its perianth, however, 
differs from that of the plants in the 
division Incompletee. Found chiefly in 
Europe, Asia, and North America. Movements in the cells are seen 
under <he microscope (pages 415-16). Anacharis Alsinastrum has be- 
come naturalized in many parts of Britain, and grows so rapidly as to fill 
up water-courses. Vallisneria is remarkable for its mode of impregna- 
tion (p. 560). Some of the plants are esculent. Species abotit 25. 

Fig. 1704. VaUiineria spiralit; the male plant, a, the female plant, b. 



Ihe four oroas leaves of this plant gave rise to Its name, Tme>love Knot. 



m 




Ill Gm, *^Udora, Anacharis, Hydrilla, Lagarosipiioii, Valliiiieri% 
Stratiotes, Hydrocliaris. ^ 

I486* Nat Ord. 230. — Okchid-acejb, the Orchis order (Figs. 1705 
to 1712). — Terrestrial or epiphytic herbs or shrubs, with fibrous 



Hg. 1700 Fig. 1711 Fig. 1712. 


(Fig. 1114, p. 426), or tuberous roots (Fig. 1706), a short stem or a 
pseudo-bulb (Fig. 1705), entire, often sheathing leaves^ and her^ 
maphrodite showy flowers. Perianth of 6 segments, in 2 rows (Fig. 
1708), mostly coloured, one, the lowest (so situated from the twisting 
of the ovary) generally differing in form from the rest, and often 

Figures 1705 to 1712 illustrate the nataral order Orchidacece. 

Fig. 1705. Orohldeous Epiphyte, ibowizig its pecabar flowers and pseado-bnlb. Fig 1700. To* 
boreular roots of Orchis mascnla, a terrestnal Orchid Ibe dried tnbercnles constitute Salep. Fig. 
1707. IMagram of the flower Orchis, jtl, W, the three divisions of the outer penaath, the first helag 
inftirior and the other two lateral > pi, pi, the two lateral divisions of the Inner perianth, ps, the 
sopeiior dlTishm or the labelltun, which becomes inferior by the twisting of the ovary; e, the fertile 
stamen, with its two pollen masses in the anther-lobes, the two lateral stamens am abortive ; e, the 
one.«el]ed ovary ent transversely, having three parietal placentaa. Fig 17<^ Flower of an Orchid, 
ohnslstingof three outer divisions of the perianth, as «, three mner, pp I, the latter, I, being the lahel- 
lom, which is inferior in this figure by the twisting of the ovary; s, theqporof thelabellum; o,th« 
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spnmd ; it is called the labelltun or lip, and has sometiines 9 marked 
portions,— -the lowest bein^^ the hypoch ihum , the '\niddle the meBo-> 



Fig. 1708. F'»g- 1707. 


cliilinm, and the upper the epichilium. By adhesion or abortion, the 
parts of the j)erianth are sometimes reduced to 5 or 3. Essential 
organs united on a common column or gynostemium (Fig. 1709). 
Stamens 3, the 2 outer, sometimes the central one, being abortive; 
anthei’s 2-4-8-celled ; pollen powdery, or adhering in masses called 
pollinid (Fig. 1710j, attached to the rostellum by a naked or saccate 
gland. Ovary 1-ccllcd, with 3 parietal placentas (Fig. 1711); 
stigma a viscid space in front of the column. Fruit usually a 3-valved 
capsule, which often opens by 6 portions, owing to the midribs of the 
valves separating (Fig. 1712). Seeds oo, exalbuminous, with a loose 
reticulated episperm ; embryo solid and fleshy. This order is well 
distinguished by its peculiar gynandrous flowers, labellum, and pollinia. 
The labellum is marked by various processes or calli, which may be 
reckoned abortive stamens. The flowers present often remarkable 
insect forms, and their colours are frequently variegated in a curious 
manner. The flowers have frequently a strong odour. In some 
instances, as in Malachadenia clavata, the odour is very fetid, like 
carrion. The labellum sometimes exhibits movements (p. 537). 
Orchids are widely distributed, but are most abundant in warm moist 
climates. They are sometimes found at great elevations, as Oncidium 
nubigenum, at 14,000 feet on the Andes, and Epidendrum frigidum 
at from 12-13,000 feet on the Columbia mountains. Some of them 
are much restricted in their distribution, as may be exemplified in 

twisted ovary ; the stigma ; 0 , the author containing polllula. Hg. 1709. Upper part of an Orchid 
flower. The outer divisions of the perianth are seen, and two of the inner, the third or labellum being 
removed. The two anther lobes are seen with the pollinia attached to the upper part of the stigma 
by viscid matter, re. Fig. 1710. Pollen masses of an Orchid, with their caudiclos and common gland. 
Fig. 1711 . Ovary of Orohis cut transversely, showing throo paiietal placentas. Hg. 1712. Fruit of 
Orchis, opening by three valves, each bearing placenta and o^ulefl, and the three midribs of the car- 
pels remaining attached at the top, so that tlicre appear to be six valves, three spreading, ovolUbn. 
ous, and three adherent without ovules 

Addititmal illnstrations of Oi«hidace»t— Terrestiial Orchid with tuberenles, Fig. 1S6, p. 
Flower of Listera ovata, Fig. 680, p. SW. Orchis flower, Fig. 6^ p. 207, Pollen mass and tube, Fig. 

666, p. 286. 
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some of the Table Mountain species of Disa. The terrestrial species 
are usually met with in temperate clinfetes, while the epiphytal are 
confined to warm regions. Spruce mentions an Orchid in Brazil 
nine feet high. Lindley, whose works on Orchids are standard ones, 
considers that there are upwards of 3000 species, of which 40 are 
British. EL Oen. — Pleurothallis, Liparis, Malaxis, Dendrobium, 
Bolbophyllum, Corallorhiza, Epidendrum, Laslia, Cattleya, Vanda, Sac- 
colabium, Aerides, Cymbidium, Oncidium, Miltonia, Stanhopea, Qon- 
gora, Maxillaria, Lycaste, Oatasetum, Orchis, Ophrys, Oymnadenia, 
Herminium, Disa, Amottia, Cephalanthera, Pogonia, Vanilla, Neottia, 
Ooodyera, Cypripedium. 

1487. Fragrant, aromatic, tonic, and mucilaginous properties are 
met with among Orchids. The roots of some of the terrestrial species 
contain much bassorin, and they constitute the nutritious substance 
called Salep. Blue colouring matter, like indigo, is met with in the 
leaves and flowers of some species. 

Aplectram hyemale is called Putty-root, on account of the viscidity of its tul>ers. 

Cypripedium, I.ady’s-slipper, is so called on account of its hollow labellum. The two 
lateral stamens are fertile, while the central one is sterile and petaloid. In conse- 
quence of union of two of the outer se^ents, there are only five divisions of the 
perianth. C. pubescens has been used as an antispasmodic in epilepsy. 

Bnlophia vera and £. campestris are Indian Orchids, the roots of which furnish 
Salep. 

Orchis masculo, and other species, such as 0. Mono aud 0. papQionacca, also yield 
Salep. 

Vanilla planifoliaand aromatica yield thefragrant Vanilla, used in confectionary and in 
the preparation of Chocolate. The part of the plant employed is the dried seed- 
vessel. Crystals, believed to be Benzoic or Cinnamic acid, are often seen on the 
fhiit when drying. The nature of the aromatic principle is unknown. A kind 
of Vanilla called Chica in Panama, comes from a species of Sobralia. 

1488. Nat. Ord. 231. — AposTASiACEiE, the Apostasia order. — A 
small order of herbaceous plants closely allied to Orchids, from which 
they differ chiefly in their regular flowers, 3-celled loculicidal fruit, 
and in the style being free from the stamens throughout a considerable 
part of its length. The column is short, and is formed by the fila- 
ments along with the lower part of the style. Natives of the hot 
forests of India. Species 5. JIL Gen. — Apostasia, Neuwiedia, 
Bhyncanthera? 

J489. Nat. Ord. 232. — Bubmanniace^, the Burmannia order, — 
A small order of herbaceous plants, with tufted, radical, acute leaves, 
or none, and a slender stem bearing alternate bract-like leaflets. They 
resemble Orchids in their minute seeds with a loose reticulated epi- 
sperm, their parietal placentas, and their solid embryo; and are 
chiefly distinguished by theii* regular tubular flowers, stamens 3 or 6, 
dehiscing transversely, free, and inserted into the tube of the coloured 
perianth. Natives chiefly of tropical regions in Asia, Africa, and 
America. Some are bitter and astringent. Species 38. lU. Gen . — 
Burmannia, Tetraptera, Apteria, Thismia? » 
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1490* Nat* Ord* 233. — Zingiber acbjeb or SciTAaaNEJB, the Ginger 
order (Fig. 1713)* — Herbs iKth a rhizome, simple sheathing leaves, the 
veins parallel and diverging from a midrib, and flowers 
arising from membranous spathes. Perianth tubular, 
irregular, and in 3 rows, the outer (calyx) 3-lobed, the 
middle (corolla) and inner (staminodes) each 3-pwrted, 
with a segment diflering from the rest. Stamens 3, 
free, the 2 lateral abortive ; anthers 2-celled. Fruit a 
3-celled capsule or berry. Seeds numerous, albumin- 
ous ; embryo in a vitellus. Nearly all tropical plants ; 
abundant in the East Indies. Species 250. Ill* Oen * — 

Mantisia, Zingiber, Curcuma, Boscoea, Amomum, Elet- 
taria, Hedychium, Benealmia, Alpinia, Costus. 

1491. The plants of this order have aromatic, 
stimulating properties, and are used as condiments, and 
as stomachic remedies. Their flowers are often very gaudy,, and their 
bracts are sometimes finely coloured. 

Alpinia Galanga yields Galangale root, which has properties similar to Ginger, and 
contains also much amylaceous matter. A. racemosa has similar qualities. 

Amomum is a genus which yields aromatic carminative seeds. The capsuled 
of Amomum Cardamomum are called round Cardamoms ; those of A. angus- 
tifolium are the Madagascar Cardamoms. Other varieties are the produce of 
A. maximum and A. aromaticum. A. Melegueta, called Melegueta Pepper, and 
A. Grana Paradisi, furnish the aromatic grains of Paradise, which are used 
in veterinary medicine, and also as additions to spirits and beer. 

Curcuma longa has a yellow-coloured rhizome, the branches of which constitute 
Turmeric. It is a carminative, and enters into the composition of Curry. The 
rhizome of C. angustifolia supplies a kind of Arrow-root in the East Indies. 
Many other species yield starch. 

Elettaria major Is said to Ite the plant which fiimishes Ceylon Cardamoms, while E. 
Cardamomum supplies those of Malabar. ^ 

Zingiber officinale, the Ginger plant, has an aromatic rhizome which, when scraped 
and dried in the sun, constitutes White Ginger, and when unscraped and dried 
after immersion in hot water, forms Black Ginger. In the young state the 
rhizome is fleshy, and is used as a preserve, while in its advanced state it be- 
comes woody and starchy. 

1492. Nat, Ord. 234. — MARANTACiii® or CANNACEiE, tbe Arrow- 
root order. — Herbaceous plants closely allied to Zingiberace®, from 
which they differ chiefly in the want of aroma, in having one of the 
lateral stamens fertile (the other two being abortive), in the single 
stamen having a petaloid filament, which bears a 1-celled anther (the 
other antherine lobe being sterile), in the style being petaloid, and in 
the embryo not being contained in a vitellus (Fig. 1276, p* 640). 
Natives of the tropics of America, Africa, and Asia. Species 160. 
Ill, Gen* — ^Maranta, Thalia, Phrynium, Calathea, Canna. 

1493. Amylaceous qualities prevail in this order, and starch is 
prepared from many of the species. 

Fig. 1718. Zingiber offlcinide, tke dinger plant, witb its rhizome or rootstock and spatbaceous 
flowers. 
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Oaaiia indlea is commonly called Indian Shot, on account of its round black seeds. 
The conns or rhizomes of C. cocdnea, 0. edidis, and 0. AchiraSi all yield starch, 
some of which is known as Tous-les-mois. 

Maranta arondinaoea yields Arrow-root, which is procured flrom its tuberous 
rhizome. Other species, such as M. nobilis and M. indica, also supply this 
starchy matter. 




1494. Nat. Ord. 935. — Musacb^, the Banana order (Figs. 1714 
and 1715). — Plants with underground stems, their petioles forming 

a spurious aerial 
stem, their leaves 
having parallel 
veins diverging 
from a midrib 
(Fig. 1714), and 
their flowers being 
bracteated. Peri- 
anth irregular and 
petaloid, 6-parted 
in 2 rows. Sta- 
mens 6, inserted on the perianth. An- 
thers linear, 2-celled, often crested. 
Fruit a 3- celled loculicidal capsule, 
or succulent and indehiscent (Fig. 
1715). Seeds albuminous; embryo 
orthotropal. Tropical plants. Species 
20. Ilh Gen. — Heliconia, Musa, 
Strelitzia, Ravenala. 

1495. Valuable plants as regards 
food, clothing, and other domestic purposes. They yield much nutri- 
tive food, tis well as useful fibres. 


Iig 1716 


lig 17U 


Musa paradisiaca, the Plantain, and M. sapientum, the Banana, supply well-known 
fruits, which serve for the food of the inhabitants of many tropical countries. 
The plants are very productive. Some clusters contain from 150 to 180 Bananas 
The fruit should be taken off the plant before it is ripe^ and allowed to come to 
maturity in a worm place. The plant produces fruit abundantly in the Palm- 
House of the Edinburgh Botanic Garden. M. Cavendisbii is a small species, 
which is also very prolific. M. textilis produces Manilla Hemp, which is used in 
manufiicturo. All the species contain abundance of spiral fibres, which are some- 
times used for tinder. The young shoots are used like Cabbage. 

Ravenala speciosa produces an edible seed. Its stem and leaf-stalk yield a large 
quantity of watery fluid, and hence it has been called Water-tree. 


1496. Nat. Ord. 236. — iRioACEiC, the Iris order (Figs. 1716 to 
1721). — Herbs with corms (Fig. 1721), rhizomes or fibrous roots, and 
mostly equitant leaves (Fig. 1717), aiid spathaceous flowers. Perianth 
6-divided in 2 rows (Fig. 1718), sometimes irregular. Stamens 3, 
inserted at the base of the outer row of the perianth ; anthers innate, 


Hgurei 1714 and 1715 illustrate the natural older Musacee 

Fig. 1714. Muaa saidentum, the Banana plant, with its spurious aerial stem andparallel-vdned 
leaves. Fig 1716. Succulent tudehisoent fruit of the Banana. 
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extiorse* Style dividuig mto 3 petaloid stigmatiferouB pordo&B (Fig. 



Fig 1718 llg 1731 

1719). Capsule 3-celled, 3-valved, loculicidal (Fig. 1720). Seeds 


Figaros 1716 to 1721 illostreto tho natural order Iridaccs 

Rg 1716 Diagram of tho flower of Iria showing a bract or spathe below, throe outer divisions of 
perianth with hairs, three inner, three stamens and three divisions of the ovaiy Fig 1717 
Actant leaves and rhuome of Iris Fig 1718 Flower of Iria ent vertically, ihowlng inferior ovaiv 
with ovules, the divisions of the perianth and part of the atyle Fig 1712 Flower of Iris, with the 
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with hard albumen. Found in various temperate and warm parts of the 

world. Harvey says that Iridacete 
have their maximum at the Cape of 
Good Hope, and from September to 
November the face of the country glit- 
ters with blossoms of countless species 
of Ixia, Gladiolus, Watsonia, Babiana, 
and Sparaxis, of every shade of colour. 
Species 550. lU, Gen.— Sififyrinchium, 
Moraea, Iris, Tigridia, Witsenia, Gla- 
diolus, Antholyza, Watsonia, Sparaxis, 
Ixia, Trichonema, Crocus. 

1497. Acrid, purgative, and emetic 
properties are met with in some plants 
of the order. Some are fragrant and 
aromatic; others supply starch and 
materials for dyeing. 

CrocQS satiyus (fig. 1721, and Figs. 160 and 
161, p. 68) is the Karcom of the Scrip- 
tores. Its dried stigmatic processes con- 
stitute Safiiron, which is of a deep orange, 
and contains a colouring matter called 
polychroite. Saffi'on is employed as a 
carminative, anrispasmodic, and emmena- 
g<^e, and owes its properties to a volalile oil. C. odoms is said to supply Sici- 
lian Saffron. 

Iris, Iris or Flower de Luce (Fig. 1718), contains several emetic and purgative 
species. The leaves of I. foetidisslma, when bruised, give out a peculiar odour, 
said to resemble roast-beef. I. Pseudacorus has an acrid rhizome. Its roasted 
seeds have been recommended as a substitute for Cofifee. The rhizome of T. flo- 
rentina, the Florence Iris, is the aromatic Orris-root, which has the odour of 
Violets, and which at the same time possesses some acridity. 

1498, Nat. Ord. 237. — AMAKYLLiDACEiE, the Amaryllis order (Figs. 
1722 to 1725). — Bulbous, sometimes fibrous-rooted plants, with ensi- 
form leaves, and showy flowers, which are mostly spathaceous and on 
scapes (Figs. 1723 and 1724). Perianth coloured, limb 6-parted or 6- 
cleft, sometimes with a corona, os in Narcissus (Fig. 1725). Stamens 
6, inserted at the bottom of the segments (Fig. 1725), sometimes united 
by a membrane, as in Pancratium ; anthers introrse. Stigma 3-lobed, 
Fruit a 3-celled, 3-valved, loculicidal capsule, with many seeds ; or a 
berry with 1-3 seeds, spermoderm not crustaceous; albumen fleshy; 
embryo with radicle next the hilum. Natives of various parts of the 
worl^ but attaining their maximum at the Gape of Good Hope. 
Species 400. Ilh Qm* — Galanthus, Leucojum, Amaryllis, Grinum, 



limb of the perumtb removed. Ihe ovary, o, tube of perianth, f , upper petoloid and divided part of 
tha style, etlgma, Mg 1720 Capsular firoit of Iris, opening by loeuUddal dehieoenoe. Fig. 
1721. Crocus sativns, the Saffron plant, the Xaroom of the Bible (Cant tv. U), and the Krokoaof the 
Ssptuagiut, with tie niiderground stem or oatm, its tubular perianth, and narrow sheathing leaves. 




Fig. 1728. fig 1724 

1499. Many Amaryllids display poisonous properties. Some are 


Figarea 1722 to 1726 illiutrato the natural order AmarrlHdaoea. 

Fig. 1722. Diagram of the flower of l^cojum Temom, Spring Snowflake, with eix dlvUiont of the 
perianth, three outer and three Inner, aix etamens in two veiticlii, and a tbree'Celled ovary with a 
central placenta. Fig. 1728. Narciaaua Tozettu, PolyantbutuNarclMua, ahowing numeroni lloweri 
coming out from a acape. The plant appears to be the Hebrew Chab(^zelcth, translated Bose (Cant. 
U. 1; Is, xzxT. 1). Fig 1724. Leucojnm vemum, the Spnng SnowOake, showing scape, i^Mthe, 
inferior ovary, and aU-divided perianth. Hg. 1786. Perianth of Narcisnis Psendo-naiciaNt, the 
Daffodil, ont vertically, ahowing tube, f , Innb, f, corona, n, and tin atamens attaehed to the perianth. 
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emetic and purgatiye, and some yield useful fibres. The bulbs of the 
Snowdrop and Snowflake are said to be emetic. 

Agare americana> American Aloe, is a plant which often delays flowering for 
many years, and then pushes np its flowering spike with great rapidity (p. 
526). The juice of the plant, just before flowering, is used in America for the 
manufacture of an intoxicating beverage. The Mexican Pnlque is a preparation 
of this kind, which, according to some, is procured from Agave potatorum, called 
the Maguey in Mexico. The roots of the Agave are sometimes as a substitute 
for Sarsaparilla. Its fibres constitute Pita Flax, and are sometimes made into 
paper. Its juice, as well as that of A. Saponaria, is used as a detergent In some 
parts of America, as in Mexico, the Agaves are used for various useful purposes. 
The fiowers of some are boiled and used as food. In Ecuador the spongy substance 
of the fiower-stem of Agave ameticana is employed instead of tinder, and in all 
the schools the green leaves serve as paper. A punishment among the Aztecs 
was introducing the spiny points of the leaves into the skin. 

Alstroemeria. The species of this genus are remarkable for their twisted leaves. 
Some have much starch in their roots. 

Hsemanthua toxicarins and oilier species have poisonous bulbs, the juice of which 
is used by the Hottentots for poisoning their arrows. 

Narcissus Tazetta (Fig. 1723) is supposed to be the Hebrew Chabazzeleth, translated 
Bose in Scripture. N. Pseudo-narcissus, common Daffodil (Fig. 1725), has nar- 
cotic fiowers and emetic bulbs. 

1500. Nat. Ord. 238. — Hypoxidaceas, the Hypoxia order. — 
Herbs with tuberous or fibrous roots, linear, dry, often hairy leaves, 
and trimerous flowers in scapes. Closely allied to Amaryllids, and 
differing chiefly in their stropbiolate seeds, and embryo with the 
radicle remote from the hilum. Natives of warm regions. Species 60. 
III. Gen. — Curculigo, Forbesia, Hypoxis, 

1501. Nat. Ord. 239. — Haemodoeace.®, the Blood-root order. — 
Perennial plants with fibrous roots, ensiform equitant leaves, and 
woolly hairs or scurf on their stems and flowers. Perianth tubular, 
6-divided. Stamens 3, opposite the segments, or 6 ; anthers iutrorse. 
Ovary 3-cclled, sometimes 1 -celled ; stylo and stigma simple. Fruit 
usually capsular and valvular, covered by the withered perianth. 
Embryo in cartilaginous albumen, radicle remote from the hilum. 
Natives of America, the Cape, and New Holland. Species 50. BL 
Oen. — Haamodorum, Lachnanthos, Anigosanthus, Conostylis, Ale- 
tris, Vellozia, Barbaoenia. 

1502. Bitterness is found in some of the plants of the order 
(Aletris), Their roots are sometimes nutritious, and many of them 
are of a red colour, whence the name of the order. 

HaBmodomm. The roots of some of the Swan River species ore roasted and used for 
food. 

Lachnonthes tinctoria has a red root, which is used for dyeing in America. 

Ydlozia is a remarkable Brazilian genus, the species of which have branching 
tranks covered with adpressed roots, and with the withered remains of the leaves. 
They have been called perennial or tree lilies. Along with Liohnophora, they 
give a decided feature to the peculiar vegetation of the mountains of Minas 
Geraes in Brazil. 

1503. Nat, Ord. 240 . — Taccace^, the Tacca order. — Perennial 
herbs, with tuberous roots, radical curve-veined leaves, and flowers in 
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scapes. Perianth tubular, 6-divided. Stamens 6, inserted m the 
base of the segments ; filaments petaloid ; anther below the points of 
the filaments. Styles 3. Fruit baccate, 1-celled, or half 3-celled. 
Albumen fleshy. Acrid plants found in the warmest parts of India 
and AMca, as well as in the South Sea Islands. The tubers of Tacca 
pinnatifida, and other species, yield starch, which is used as food, the 
acrid matter being removed by washing. It is sometimes called 
Otaheite Salep, or Tahiti Arrow-root. Species 8. Ill* Oen. — Tacca, 
Attaccia. 

1504. Nat. Ord. 241. — BROMELiACEi®, the Pine-apple order (Fig. 
1726). — American and chiefly tropical plants, with rigid, channelled, 
often scurfy and spiny leaves, and showy flowers. Outer perianth 3- 
parted, persistent ; inner of 3 witliering leaves, 
in the tube of the perianth ; anthers introrse. 

Style single. Fruit capsular or succulent, 3- 
celled, many-seeded. Embryo minute, in the 
base of mealy albumen. Many of the plants 
grow in an epiphytic manner, and are called 
air plants. This is the case especially with 
Tillandsias. Species 170. Ill Gm. — Anan- 
assa, Bromelia, .^Echinea, Billbergia, Pitcairnia, 

Tillaudsia, Bonapartea. 

1505. Some of the species have anthel- 
mintic properties. Some supply edible fruit, 
gum, colouring matter, and valuable fibres. 

Ananassa sativa, the Pine-apple or Ananas, has a poly- 
gynoacial fruit formed by the union of numerous 
succulent ovaries and bracts. When ripe, the fruit 
is sweet and finely aromatic. Archer says, that more 
than 200,000 Pine- apples were imported into Britain 
from the Bahamas in 1801. They were not equal 
to the British grown fruit. The fibres are used in 
manufacture. Specimens of cloth mode from them are seen in the Edinburgh 
Museum of Economic Botany. 

Bromelia Pinguin is used as a vermifr^ge in the West Indies. Its ovaries are not 
combined into one mass, and they illustrate well the formation of the Pine-apple. 
Some species yield fibres which are made into ropes. 

Tillandsia usneoides, Tree-beard, appears like a mass of black fibres hanging down 
from the trees in South America. It has been used for stuffing birds and cushions 
under the name of Spanish Moss. 


Stamens 6, inserted 



Fig. 1726. 


2. HYPOGYNiE. 

Perianth free^ Ovary mperior^ Flowers usually Hermaphrodite* 

1506. Nat. Ord.242.— LiLiACEJB,tlie Lily order (Figs. 1727 to 1735.) 
— ^Herbs, shrubs, or trees, with bulbs (Fig. 1728, and Fig. 162, p. 68), 

Fig. 1726. The polygynoedal or anthooarpoiu fruit of Anautm sativa, the Fine-apple, fonned of 
united ovaries and braeta in a sttoenleut state, 


LIUACEJE. 


corms, rhizomes (Fig* 156, p. 65), or fibrous roots, simple, sheathing, 
or clasping leaves, and regular flowers. Perianth coloui^ of 6 leaves 




Fig. 1728. 



Fig. 1729. 


(Fig. 1733), or 6-clcft. Stamens 6, inserted in the perianth ; anthers 
introrse (Fig. 1734). Ovary 3-celled (Fig. 1735); style 1; stigma 
simple or 3-lobed. Fruit trilocular, capsular, or succulent. Seeds in 
1 or 2 rows, sometimes in pairs or solitary ; albumen fleshy. Natives 


Figure! 1727 to 1785 Ulnstrato tlio natural order liliacoea. 

Hg. 1727. Diagram of tbe flower of Fntillaria imperiall!, Crown Imperial, diowing a perianth 
of 6 parts, m 2 ▼ertlcili, 6 stamena in tiro rows, and a S-celled ovary. Fig. 172a Allium Forrum, the 
Leel^ with parallel-veined, aheathtng leaves, bulb, umbellate cluster of flowers and ipatbe. It la 
the Hebrew Chatair, Cbazxr, or Chs^lr, translated In the Scripture Leeks (Numb. zi. fl); grau 
(1 Kingsxviii. 6}2KmgBaJx. 26; JobxLlS; Fa.xxxvii.2,&c.); herb (Job vlU. 12); bay (Frov.xxvii. 
2B; Is. XY. G); and court (Is. xxxiv. 18). The word seems to mean greens or grass in general. 
Fig. 1729. Allium ascalonioum, tbe Shallot or Bscbalot, commonly cultivated in the kitchen garden. 
It is supposed to he the Shurnim of Soiipture, translated Garlic (Numb. xi. 6). Ilg. 1780. SciUa or 
Sqoilla marltima, or Urginea maritima, the officinal Squill plant. Fig. 1781. Yucca glorlosa, called 
Adam's needle. Fig. 1782. Rosens aenleatns, cmnmon Bntcher's-broom, with bractested flowers on 
phylloid pednnoles. Fig. 1788. Flower of LUiom alhom, White lily, with » 6-leai«d peilanUi, 6 
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both of temperate and tropical regione. In the latter wo meet with 
arborescent species, such as the Dragon-trees (Fig. 201, p. 91), and 



l<ig 1780 



yjg. 1781. 



Fig. 178S. 


with succulent species, as Aloes. In temperate climes we have species 
of Tulip, Lily, Hemerocallis or Day-lily, Convallaria or Lily of 
the Valley, Fritillary, Asparagus, Polianthes or Tuberose, Hyacinth, 
Squill, Omithogalum or Star of Bethlehem, Onion and Leek, Ery- 
thronium or Dog-tooth Violet. The limits of the order are not well 
defined, and Lindley thinks that it must be ultimately split into a 
number of separate orders. The species, as given by him, amount to 
upwards of 1200. Ill, Gen, — Tulipa, Gagea, Lloydia, Fritillaria, 
Lilium, Hemerocallis, Phormium, Aloe, Yucca, Allium, Scilla, Hya- 
cinthus, Oonanthera, Asphodelus, Anthericum, Xanthorrhoea, Wachen- 
dorfia, Asparagus, Dracaena, Euscus, Aspidistra, Ophiopogon. 

1507. The properties of the order are various. Some of the plants 


■Umms, and 1 style. Pig. 1784. Flower of the Tulip, with the perianth removed, ihowing 8 atameni, 
the outer row of 8, the inner row, ei, eurroimdiDg the pistil with its S-lobed stigma. Hg. 1788. 
Oniy of Lainm album, White Lily, eat traoarenely, shewing 8 cells, with the ovules paoksd eoe 
above another in two rows, and attached to a central placenta. 
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are used as emetics and purgatives, while others are stimulant 
diaphoretic. Some yield resinous and astringent matter, while others 
supply valuable materials for manufacture. Asparagus seeds have 
been recommended as a substitute for coffee. 

Allium Poirum, the Leek (Fig. 1728, and Fig. 164, p. 68), le the Hebrew Chatzir, 
the Greek ^ason, the bulb of which is esculent, stimulant, and diuretic. 
These properties are found also in A. Cepa, the Onion, the Betzal or Betzalim of 
Scripture (Numb. xi. 5) ; A. sativum, Garlic, the Scorodou of the Greeks ; A. 
Schmnoprasum, the Chive; A. asealonlcum, the Shallot (Fig. 1729), the Hebrew 
Sbumin translated Garlic ; and A. Scorodoprasnm, tlie Kooambole. Most of 
these plants have sulphuretted oil in their composition, as well as free phosphoric 
add. In warm diy countries some of these bdbous plants grow to a large size, 
and Instead of being acrid and pungent, are bland articles of food. This is seen 
in the case of Portugal, Spanish, and Egyptian Onions. 

Aloe is the genus which supplies the drug cdled Aloes. It is the inspissated juice 
of various species, such as A. spicata, vulgaris, socotrina, indica, and purpu- 
rascens. 

Camaasia esculenta, the Quamash of the I^orth American Indians, bos edible bulbs. 
They, as well as others, are called Biscuit-roots. 

Dracflsna Draco is one of the Lily trib^ which attains the size of a large tree (Fig. 
201, p. 91). It yields a resin called Dragon's-blood. Many of the Dracsonas 
have forking stems, and their bark can be separated from the wood. D. termi- 
nalis, called Ei, supplies food, and an intoxicating beverage in the Sandwich 
Islands. Its roots are said to be astringent. 

Fritillaria imperialis (Fig. .187, p. 219), called Crown Imperial, from the mode of 
arrangement of its depending flowers, bos nectariferous depressions at the base of 
the leaves of its perianth (Fig. Ill, p. 46). Its fetid bulb is said to be poisonous, 

Lilium chalcedonicum, the scarlet Martagon Lily (Fig.411,p. 174), is supposed to be 
the Krinon or Lily of tlio field of the New Testament (Matth. vi. 28, and Luke 
xii. 27). L. bulbiferum (Fig, 163, p 68), has bulbils or separable buds in the 
axils of its leaves. The bulbs of L. tenuifolium, L. kamtschaticum, and L. 
speotabile, are used as food in Siberia. 

Omithogalum umbellatum, the common Star of Bethlehem (Fig. 1172, p. 530), has 
white flowers streaked witli green, and its bulb is supposed to be the Hebrew 
Chirionim or cab of Doves' Dung mentioned in 2 Kings vi. 25, as having been 
sold at a high price at the siege of Samaria. 

Phormium tenax (Fig. 48, p. 24) supplies New Zealand Flax, the fibres of which are 
very tenacious. Its root has been used as a substitute for Sarsaparilla. 

Ktucas, Butcher's-broom (Fig, 1732), is remarkable on account of its phylloid pe- 
duncles. Various species have been prescribed as diuretics. 

Sanaeviera. Species of this genus produce African or Bowstring-hemp, which is 
very strong and tough. 

Urginea Scilla, known as Scilla or Squilla maritima (Fig. 1780), a Mediterranean 
sand plant, has an acrid bulb which, when dried, constitutes the common Squill 
of the shops. It is used as an emetic, expectorant, and diuretic. S. indica is em- 
ployed in India as a substitute. 

Xanthorrhcea Hostile^ X. arborea and other species, are the Grass-trees of New South 
Wales, which have peculiar stems covered with the bases of the leaves, and send 
up long spikes of flowers (p. 92). They yield a fragrant red resin cafled Botany- 
Bay gum. 

Yucca gloriosa and other species, known by the name of Adam’s Needle (Fig. 1781), 
famish useful fibres. 

1508. Nat. Ord. 243. — MELANTHACEiE or Colchicace.®, the 
Colchicum order (Figs. 1736 to 1739). — Herbs with bulbs, conns 
(Fig. 1738), or fasciculated roots, and white, green, or purple flowers, 
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^hich are sometimes polygamous. Perianth petaloid, of 6 leaves, 




lU 1730 lig 1738 


which are cither separate, or united below into a 
tube (Fig. 1737). Stamens 6, anthers extrorse 
(Fig, 636, p. 230). Ovary 3-colled ; style 3- 
paited ; capsule 3-valved (Fig, 1739, and Fig. 704, p, 
247), septicidal (Colchicum), sometimes loculicidal 
(Uvularia). Seeds with a membranous cpispenn, 
and dense, fleshy albumen. Generally distributed 
over the world, but most abundant in northern 
countries. Species 130. III. Oen. — Tofieldia, 
Xerophyllum, Helonias, Asagrsea, Veratrum, Me- 
lanthium, Uvularia, Bulbocodium, Colchicum. 

1509. The plants of this order have acrid, emetic, 
purgative, and sometimes narcotic properties. They 
are all more or less poisonous, and nearly all seem 
to contain the alkaloid called Veratria. 


Fig 1787 Hgures 1786 to 1740 Illustrate tlio naturdl older Mclanthaceee 

Tig 1730 Diagram of the flower of Coltbirum autnmnalc, Meadow 
Saffron, ahowing a 6-leav6d perianth, in 2 verticilit 6 stamens, and an ovary formed of 8 oarpela 
Fig 1787. F lower of Golcluoom autumnale, common Meadow Saffron, showing its subterranean ovary, o, 
very long tube of the penauth, i, and tlie stamens attached to it above Fig 1788 Toung, b, and old^ or, 
eonaa of Oolclucum Fig 1788 Capaule of Colchicum, shewing 8 cells with septicidal dehiscence 
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Aiagraa oi&dnalis, found in the alpine districtB of Mexico, is the chief source of the 
CeTadflla or Sabadilla seeds, which contain veratria, and are used in neuralgic 
and rheumatic affections. 

Colchicum autumnale, the Meadow Saffron, or Autumn-flowering Orocus (Fig. 1787), 
flowers in autumn, and sends up its leaves and seed vessel during the succeeding 
spring. Its corms (Fig. 1788) and ripe seeds contain an alkaloid Colchicia, and 
are prescribed in gout and rheumatism. The corms of 0. variegatum were the 
Hermodactyls of the Greeks and Arabians. 

Veratruin album, White Hellebore, was much used by the Gre^s as a purgative in 
mania. The plant is both acrid and narcotic. Y. Sabadilla is another of 
the sources whence Sabadilla seeds are procured. 

1510. Nat. Ord. 244. — Gilliesiace.®, the Gilliesia order. — 
Bulbous herbs, with grass-like leaves, and umbeUate, spathaceous 
flowers. Perianth of 2 portions, — outer pctaloid and herbaceous, of 
6 leaves, called by Lindley bracts; inner minute, either a single 
lobe or urceolate and 5-toothed. The latter is by some considered an 
abortive staminal row. Stamens 6, sometimes 3 sterile. Capsule 3- 
celled, 3-valved, loculicidal, polyspennal. Episperm black and brittle ; 
embryo curved ; albumen fleshy. Chilian plants. Species 5. IlL 
Gen, — Gilliesia, Miersia. 

1511. Nat. Ord. 245. — Pontederiace-®, the Pontederia order. — 
Aquatic plants, with leaves sheathing at the base, petioles occasionally 
dilated, and spathaceous flowers, either solitary or in spikes. Perianth 
coloured, tubular, 6-parted, irregular, persistent. Stamens 6 or 3, 
perigynous; anthers introrse. Capsule sometimes slightly adherent, 
3-celled, 3-valved, loculicidal. Seeds numerous; placenta central; 
albumen mealy. Natives of America, India, and AMca. Species 30. 
El, Oen, — Heteranthera, Leptanthus, Pontederia. 

1512. Nat. Ord. 246 . — Xyktdace^, the Xyris order, — Swampy, 
rush-like plants, with ensiform or filiform radical leaves sheathing at 
the base. Flowers in scaly heads. Perianth of 6 parts, 3 outer 
glumaceous. Stamens 6, 3 fertile inserted on the inner perianlh. 
Anthers oxtrorse. Ovary 1 -celled ; placentas parietal ; ovules ortho- 
tropal. Capsule 1-celle^ 3-valved, polyspennal. Albumen fleshy ; 
embryo remote from the hilum. Tropical plants. Some species of 
Xyris have been used in cutaneous affections. Species 70. Ill, Gen, 
— Xyris, Abolboda, Rapatea. 

1513. Nat. Ord. 247. — Philydraceas, the Water- wort order. 
— ^Plants allied closely to Xyrids, and differing chiefly in the want of 
an outer perianth, in the inner perianth being 2-leaved, in having 
3 stamens, 2 of which are abortive, and in the embryo being large 

' in the axis of the albumen. The flowers have spathaceous bracts ; 
the roots are fibrous, the stem simple, leafy, and often woolly, and 
the leaves sheathing at the base. Natives of New Holland and China. 
Species 2. ilL Gen, — Philydrum, Hetaeria. 

1514. Nat. Ord. 248. — CoMMELYNACEiE, the Spider- wort order. — 
Herbs with flat leaves, usually sheathing at the base. Outer perianth 
of 3 parts, herbaceous; inner also 3, coloured, sometimes cohering. 
Stamens 6, or fewer, hypogynous. Anthers introrse ; ovary d-oelled ; 
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plaoenta central ; style 1. Capsule 2-3-celled, 2-3-valved, loculicidal. 
Seeds with a linear hilum ; embryo pulley-shaped, in a cavity of the 
albumen, remote from the hilum. In Tradescantia the filaments are 
provided with jointed hairs (Fig, 95, p. 43), which show rotation in 
their cells (p. 417), The rhizomes of some species of Commelyna are 

amylaceous and edible. Species 260. lU, 
Gen, — Commelyna, Aneilema, Trades- 
cantia, Cyanotis, Campelia, Flagellaria. 

1515. Nat. Ord. 249. — ^Mayacaceas, 
the Mayaca order. — Mosslike plants, with 
narrow leaves, resembling Spider-worts, 
but differing in their I -celled anthers, car- 
pels opposite the inner divisions of the 
perianth, 1 -celled ovary and capsule, and 
parietal placentas. Natives of America. 
Species 4. Ill, Gen, — Mayaca. 

1516. Nat. Ord. 250. — Juncacea?, 




Eig 1740. 



Fig 1743. 

the Rush order (Figs. 1740 to 1742). — 
Herbs with fasciculate or fibrous roots, 
fistular or flat and grooved leaves, and 
glumaceouB (sometimes petaloid) flowers 
in clusters, cymes (Fig. 1741), or heads. 
Perianth dry, greenish or brownish, 6^ 
parted (Fig. 1742). Stamens 6 or 3, 
Fig. 1741 perigynous; anthers introise. Ovary 1 

or 3-celled ; ovules 1, 3, or many in each cell ; style 1 ; stigmas 


Fignrei 1740 to 1742 illostrate the natural order Juncacre. 

Fig. 1740. Diagram of ihe flower of Lnzula, Wood-rush, shewing 6 divisions of the perianth in 2 
rows, 6 stamens, and a S-celled ovary. Fig. 1741. Loznia nnra, with panided cyinose iufloresrence. 
Fig. 1742. Perianth of Luaula, with 6 divisions of its glnmaceous peilanth, 6 stamens, ptstii with 
1 style and 8 atigmat. 
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often 3. Fruit a S-valved locuHcidal capsule, or monospennal 
and indelusoeat. Seeds with a thin spermoderm, which often 
becomes gelatinous when moistened ; dbumen fleshy ; embryo 
minute. STatives chiefly of cold and temperate regions. Some of the 
plants have been used as anthelmintics and diuretics ; the cellular 
tissue at the base of the leaves is sometimes eaten. The leaves are 
used generally for mechanical purposes, to form matting and the bot- 
toms of chairs, and the pith for the wicks of candles. In the county 
of Norfolk, rushes are gathered and sold in large quantities. The 
number of ibshes at an annual sale has amounted to 5,760,000. 
Species 200. III. Gen. — Luzula, Juncus, Narthecium, Xerotes, 
Astelia, Kingia, Baxteria. 

1517. Nat. Ord. 251. — Palm^, the Palm order (Figs. 1743 to 
1751). — Arborescent plants, with a simple (Figs. 1743 and 1744), 



Ffg, 1743. Fig. 1760. 


sometimes branched stem (Fig. 1745), marked by the bases of the 
leaves or their scars, leaves in terniinal clusters, pinnate or fan-shaped 
(Fig. 243, p. 109), flowers J ? or ^ (Figs. 1748 and 1749), on a 
simple or branched spadix, enclosed in a 1 or many-valved spathe 
(Fig. 341, p. 146). Perianth in two verticils, each of 3 parts (Figs. 
1746 and 1747). Stamens usually 6, seldom 3, sometimes oo. 
Ovary 1-3-celled, with a single ovule in each cell. Fruit a nut (Fig. 
1277, p. 640), or drupe (Fig. 786, p, 269), or berry. Albumen carti- 

Figares 1743 to 1761 illuttrato the natoral order Falmte. 

Fig. 1743. Ffaoonix dactylifera, the Bate Palm, the Tamar of Scriptare (Exod. xv. 27 } Pi. xcii. 12. 
See alio Fig. 187. p. 87 s Fig. 786, p. 283 ; Fig. 1126, p. 437 ; aiid Fig. 1279, p. 641). Fig. 1744. A species 
of Sagus or Sago-palm. Fig. 1746. Hypheeue thebaica, the Doum Palm, with its dlchotomoos stem. 
Fig. 1746. Biagram of the $ flower of Chameerops, Fas^m, shewing six divisions of the perianth 
and six stamens. Fig. 1747. Biagram of the $ flower of ChaniGerops, shewing six divisions of 
the perianth in two rows, and three cells of the ovary. Fig. 1746. Male fstaminlferous) flower 
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1750), its cotyledon often becoming enlarged during germination, and 
filling the central cavity (Fig. 1751). Chiefly tropical plants, requir- 
ing a mean temperature of 78°,2 to 81®.5 F. Some, however, extend 
to temperate regions. Chamaarops humilis, the dwarf Fan-palm, is found 
native in the south of Europe, and C. Palmetto grows in the milder 
parts of North America. Some have slender, reed-like stems, others 
attain a considerable diameter. Some have a low caudex, or a subter- 
ranean stem, while others have an erect trunk 1 90 feet high. Some, such 
as Iriartea exorhiza, send off numerous aerial roots, like the Screw-pine. 
Although the individual flowers are small, yet when combined on a large 
spadix they produce a marked effect. It has been estimated that, in 


of Chanueropf. Fig 1749 Hermaphrodite flower of Chainsrope Fig 1760 Section of leed of Coco- 
&at| ahewtag the central earitj in the albnineu, and the embryo, e, lying m a aeparate cavity remote 
from the hanm Fig 1761 The Cooo. 3 itit genRuatixig, the cotyledon becoming enlarged internally, 
and flllmg uppertof the canty 

8p 



936 


TAIMM. 


some instances, 200,000 Oovrers are enclosed in one spathe.^ The 
known species amount, according to Martins, to 582, of which 91 have 
fan-shaped leaves* III. Oen. — Chamasdorea, Kunthia, Leopoldinia, 
Euterpe, Oreodoxa, Areca, Seaforthia, Harina, Saguerus, Caryota, 
Calamus, Plectocomia, Sagus, Mauritia, Borassus, Lodoicea, Hyphasne, 
Manicaria, Corypha, Livistona, Copemicia, Sabal, Chamserops, Phoe- 
nix, Acrocomia, Attalea, Elais, Cocos, Phytelepha& 

1518. Palms yield numerous important products, and they are 
applied to a great many uses. They supply starch, sugar, oil, wax, 
and edible fruits ; their buds are eaten like vegetables ; their leaves 
form coverings for habitations, and materials for manuscripts, the 
reticulum makes coarse cloth, and the saccharine juice is sometimes fer- 
mented, so as to form a spirit called arrack, or palm- wine called toddy. 

Areca Catechu fhmishes the Pinang or BeteUnat, used all over the east as a masti- 
catory. The extract of the seeds forms one of the varieties of Catechu. The 
large terminal bud of A. oleracea, West India Cabbage Palm (Fig. 190, p. 88), is 
boiled as an esculent vegetable. 

Astrocoryum vulgare, the Tuenm Palm, is a iibre-yielding species. Hopes and 
various articles are manufactured from it. The fruit of A. Murnmuru is edible. 

Attalea excelsa is the Urucuri Palm, according to Spruce. A. funifera supplies the 
hard Coquilla-nuts, the pericarp of which is used for making handles of doors, 
of sticks, and of umbrellas. It is said that 800,000 Coqiiilla-nuts were imported 
in 1862. The Palm also supplies fibres like Piassaba. 

Bormsus flabelliformia, the Palmyra Palm (Fig. 1127, p. 437), frimishes Palmyra wood. 

Calamus (Rotang) Scipionum, C. Zalacca, and C. Kudentum, supply Malacca and 
Rattan Canes. Archer estimates the consumption of Rattan Canes in Britain 
at 7,500,000 annually. Partridge Canes, and those called Penang Lawyers, are 
also the produce of species of Calamus. C. Rudentum, the Cable Cane, is said 
to have a stem 600 feet long. C. Draco yields a reddish resin. 

Caryota urens is one of the Palms which furnish Sugar, as well as the fermentable 
fluid called Toddy. It is said that this Palm will yield 100 pints of Toddy in 24 
hours, 

Ceroxylou Andicola (Fig. 83, p. 87), a South American Palm, produces wax on the 
surfece of its stem. 

ChamsBrops humilis, the only European Palm, is used in Sicily to form hats, baskets, 
and various useful articles. C. argentea, a Cuba Palm, supplies materials for the 
chip or Brazilian grass-hats. 

Cocos nucifera, the Coco-nut Palm (Fig. 166, p. 70), is perhaps put to a greater num- 
ber of uses than any other Palih, both as regards food, luxuries, clothing, habita- 
tions, and utensils. The sugar it supplies is called Jaggery. The very dur- 
able fibres of the covering of the fruit are manufactured into cordage called Coir 
rope, and are also made into matting, door-mats, and scrubbing brushes. Its 
wood is used in manufactures under the name of Porcupine-wood. The albu- 
men of the seeds yields the concrete Coco-nut oil, extensively used for making 
candles and soap. From seven to ten nuts are said to be the average produce of 
a spathe. The Coco-nut Palm begins to bear (after being transplanted) in 13-16 
years, and oontinues in vigour 40 years. By slicing its spadix, the juice, called 
Callu, or toddy, is procured. This is either boiled to yield Jaggery, or is fer- 
mented and distilled to frimish Arrack. In a productive season the Coco-nut 
Palm pushes out a new spadix every month. 

Copernida cerifera, the Carnauba Palm, has its stem marked by the bases of the 

* For renutriks on the structure of Paha stems, and lUustratlons, see p. 88, st atq.; toe measure- 
ments of Palms, see pp. 489 and 440 ; and for the germination of Palms and iilnatratioua, see p. 689. 
See also Martins* large work on Palms, and Wallace on the Falm-treu of the Anmson. 
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]6av«% wUob ire irranged In • betntiftil spiral niiimer. It also supplies w$x 
from the lower sorlkoe of its JeaTSS. 

Elais gnineensis (Fig» 82^ P* 87) supplies the solid Palm-oil imported from Africa. 
It is procured 1^ broking the frmit £. Helaaooocco yields a similar product 

Euterpe moatana is called Mountain Cabbage-Paint because the young leaf-bud is 
used as an esculent vegetable. E. edulisb Assai or Assal-seirOi 3 rields a pulpy 
fruit from which a gratefril beverage is prepared. 

Hyphwne thebaioa, the Doom-Palm of Egypt (Fig. 1746), has a dichotomous trunk. 
The pericarp of its fruit has the taste of gingerbread^ and is edible. The plant 
yields a resin called Egyptian Bdellium. 

Leop<ddinia Piassaba yields the fibres called Piassaba or Pia^va, as well as Monkey- 
grass and Para-grass, which are used fbr brushes. 

Lodoioea seyobellarum (Fig. 1277, p. 640), a Palm of the Seychelles islands, produces 
the fruit called Double Coco-nut 

Manicaria saccifera, Bussu, has a sack-like spatht which is used ibr caps and for 
making doth. 

Mauritia vinifera, the Muriti-Palm, and M. floxnosa, 3 deld a kind of Palm-wine. 

Maximiliana regia is a fine South American Palm, the large spathe of which is used 
as a ready-made basket for carrying earth, day, and farinha. A specimen is 
seen in the Edinburgh Botanical Museum. 

Metroxylon IsQve, a native of Borneo and Sumatra, is one of the sources of the starchy 
matter called Sago. The starch exists In the cellular tissue of the stem, and after 
being washed out is granulated. A single Palm will yield 600 to 800 lbs. 

Pheenix dactylifera (Fig. 1748, Fig. 187, p. 87, and Fig. 1126, p. 487), the Date-Palm, 
is a species which grows in the nor^em parts of Africa. It supplies a nutri- 
tious fruit (Fig. 786, p. 269). It is the Palm referred to in Scripture under the 
name of Tamar. Dates are imported into Britain from Barbary and Egypt, and 
are usually of the variety called Tafilat. There are said to be 46 varieties of Date 
cultivated in the oasis of Fezzan. Kichardson says, that 19-20thB of the po- 
pulation of Fezzan, in Africa, live on Dates during nine months of the year, and 
that many of the animals also feed on them. P. sylvestris, Wild Date, yields 
sugar in Bengal. 

Phytelephas macrocarpa, PaUipunta, and Ilomoro, or Tagna of the Indians, a 
Palm of the Magdalena-river district, is called the Vegetable Ivory-Palm, be- 
cause the hard horny albumen of its seed is used like ivory. Archer sayx, that 
80,000 nuts were imported in 1862. The large round olusters of nuts receive the 
name of Cabeza del Negro. 

Plectocomia dongata produces pinnate leaves, the midribs of whkh are extended in 
a naked form beyond the pinnse, and bear on their under surface remarkable 
spiny processes like the foot of a mole. These enable it to attach itself to neigh- 
bouring plants. 

Saguerus saccharifer is a valuable Sago Palm, and yields a large quantity of saccha- 
rine j nice when its spadix is wounded. From this sugar is prepared. The Palm 
supplies a kind of fibre colled Gommuti or Ejow fibre, 

Sagus (Fig. 1744). Several species supply the starchy mattey called Sago. Sagns 
Rumphii is the Sago-Palm of Malacca. The reticulum is black, and resembles 
pieces of thin whalebone mixed with horse-hair. It can be nsed for brushes. 

1519. Nat. Ord. 252. — ^ALisMACEiS, the Water-plantain order.— 
Floating or marsh plants, with a creeping rhizome, narrow or broad 
leaves, and flowers in umbels, racemes, or panicles. Perianth of 
6 pieces ; outer 3 berbaoeous ; inner 3 petaloid. Ovaries several, 
1-celled ; ovules solitary, or 2 superposed. Fruit indehisoent. Seeds 
exalbuminoufl ; embryo like a horse-shoe, imdivided. Natives chiefly 
of noHhem countries. The fleshy rhizomes of Alisma and Sagittaria 
are edible. Species 60. Ill Oen, — Alisma, Sagittaria, Actinocarpus, 
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wao. Nikt Ord. S58* —JtmcAGiNACBJH, the Amfw-gtm erfer,~ 
H^rdi plants, with narrow radical leaves, and {f flowers in qdices or 
racemes. Perianth greenish. Stamens 6 ; anthers extrorse. Carpels 
8-6, nnited or distinot ; ovules 1 or 2, erect. Fruit dry, l-2*seededt 
Albumen 0 ; embryo straight, with a lateral cleft (Fig. 1272, p. 688). 
A small order of plants found in cold and temperate regions. Species 
about 20. BL Gen- — Triglochin, Scheuchzeria, Tetronoeum. 

1521. Nat. Ord. 254 . — Butomaoe.®, the Flowering-nish order. — 
Aquatics, with very cellular leaves, often milky, and umbellate hand- 
some flowers. Perianth of 6 pieces, 3 inner petaloid. Stamens de- 
finite or 00 . Ovaries 3-6 or more, distinct or united; ovules oo. 
Fruit, follicles, distinct or united. Seeds oo, attached to a reticulated 
placenta, spread over the whole imier surface of the fruit ; albumen 0. 
Natives chiefly of northern countries. Butomus lunbellatus is an 
ornamental Enneandrous plant. It has acrid and bitter properties, 
Limnocharis has a hole in the apex of its leaf. The cellular texture 
of the leaf is very beautiful. Species 7. BL Gen, — Butomus, Hydro 
cleis, Limnocharis. 

3 INCOMPLETJE 

Flowers incomplete^ generally Unisexual^ without a proper Perianth^ 
or with a few Verticillate Scales, 

1522. Nat. Ord. 255 . — ^Pandanackas, the Screw-pine order (Fig, 
1752), — Trees or bushes, often branching dichotomously, or in a 

candelabra-like manner, having adven* 
titious roots (Fig. 167, p. 70), leaves im- 
bricated, linear-lanceolate or pinnate or fan- 
shaped, and spiny ; and flowers unisexual or 
polygamous, spathaceous, covering a spadix 
completely. Perianth 0, or a few scales. 
Stamens numerous ; anthers 2-4-celled. 
Ovaries 1-celled, collected into parcels ; 
stigmas sessile ; ovules solitary or numerous. 
Fniit either I -seeded fibrous nuts, or many- 
seeded berries. Albumen fleshy ; embryo 
minute, without a lateral slit. Natives of 
tropical regions, and abundant in insular 
situations. The seeds of the Screw-pines 
are eatable, and their spermoderm contains 
numerous crystals. The flowers of some species are fragrant, and 
the juice of Nipa is fermentescible, Nipa fruticans produces the Atap, 
one of the fruits of tropical India. Species about 80 or 90. BL Gen, 
— Pandanus, Freycinetia, Carludovica, Nipa, Oyclanthus. 

1523. Nat. Ord. 256. — Typhacb.®, the Bulrush order. — Herbs 
growing in marshes or ditches, having stems without nodes, rigid, 

Fig. 1763 Pandaniu odoraUnlmoi, the Sorew-pme, with adyentltioai roots, and spiny hka 
ihois of Pme-spples, nrranged in a spiral (8orew4xke) manner 
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eomfom leayeSf and mumwAoioji fkmm on a t{Midix, viihaat a qpalba» 
Penastth S or more soalee, or a bimdle of haim Stamens 1*6, distmot 
or monadelphooB ; anthers innate. Ovary solitary, l^oelled; ovtib 
solitary, pendulons. Fruit dry or spongy, indehisoent, l-ceUed, 
angular by pressure. Seed solitary, pendulous, with a membranous 
spermoderm adhering to the pericarp. Embryo in the ads of mealy 
albumen, straight with a lateral cledi ; radicle next the hilum. Most 
abundant in northern countries. Species 13. lU, Qen. — Typha, 
Sparganium. 


1524. Starch is a product of the rhizomes of many of the plants, 
and the pollen, which is very abundant, is inflammable, and is also 
used for food. 

Tjrpha, The young shoots of T. latifolia — v j/ \ 

and T. anga8tifoIia,the greater and less 
Heed Mace, are sometimes eaten like \ 

Asparagus. Their large amylaceous 

rhizomes are also used as food. The j^A ^ y 

pollen of T. elephantina or Elephant- 1 1 

grass, is made into a kind of bread in j 

Scinde, called Boor or Booree. The J W / / 

pollen of T. ntilis in New Zealand is / 1 

used in making a kind of bread called // 

Hunga-hunga. The pollen contains j yv\ 

both amylaceous and azotized matter. \\ (/ 

J* Johnston states, that chil- \\ It — 

Bl dren carry the flowered \\ f 

SB plantofT.latifolialnpro- ll 

cessions, and bum the \\ j U 

Had dried spadix for tapers. \\ \ j M 

1525. Nat. Old. 257. ^ l| j j 

— ARACGiE, the Arum \\ Jlf 

■ order (Figs. 1753 and \\f » 

■ 1754). — Herbs or shrub- iW# 

■ by plants, sometimes 

■ climbing, often with 

corms (Fig. 1753) ; Krffl 

leaves sheathing at the IYM. 

base, convolute in sssti- i 

vation, sometimes com- 
pound, and usually with 
gyQ fl branching veins ; flowers 

monoecious, on a spadix 
OPp 1754) mostly with 

146). Perianth 0. Sta- iig irw 


Wsnres 1763 and 1764 illustrate the natural order Aracecs 
g. 1768 Arum macnlatnm, Cnckow-piiit, with its nndergrouad aniylaoeoiui oorm, its sagittate 
y<«»g ^athe. Pig 1764. The spadu of Arum maonlatnm, removed from ita spathe : fe- 

maJel!oweri,e,mile,«,ahortiva,tf,fle«iyendefipadix,A 
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loens definite or oo ; anthers extrorse, 1 or 2*oe]led or more. Ovary 
with 1 or more cells. Fruit succulent; seeds pulpy ; embryo in the 
aviH of fieshy and mealy albumen, with a lateral cleft. Abundant 
in tropical climates ; rare in cold or temperate regions. Species 170. 
lU. Gen. — Ciyptocoryne, Lagenandra, Amm, Oolocasia, Oaladiom, 
Dieffenbachia, Hichaidia.^ 

1526. Acridity prevails in the order, and many of the plants are 
irritant poisons. Some, as Lagenandra toxicaria, are very dangerous. 
The conns sometimes supply starch, which is separated from the acrid 
matter by washing. 

Aram. The species of this genus are remarkable for the piroduetion of heat when 
the pollen is ripe (page 520). Some of them, as A. Dracuncolos, have a vary 
fetid odour. A. maculatum, Cuckow-pint, or Wake^Bobin (Fig. 1758, and Fig. 
842, p. 146), has an amylaceous acrid conn.* The starch used to be separated 
in large quantities at Weymouth and in the island of Portland, and sold under the 
name of Portland Sago. A. campanulatum is cultivated in some parts of India 
on account of its edible conns. 

Caladium bicolor, and other species, have corms which, when roasted or boiled, are 
used as food. 

Colocasia. The species of this genus are milk}'. They develops heat daring flower- 
ing (page 524). 0. escnlenta, and otlier species, have edible corms, which are 
called Cocoes and Eddoes in the West Indies. The corms of C. macrorhiza 
constitute the edible Tara of the South Sea Islanders j while those of C. himalensis 
afford food in the Himalayas. 

Dieffenbachia seguina is called Dumb-caae in the West Indies, because when chewed, 
it causes painful swelling of the toflgue. 

Richardia a&icana is commonly cultivated under the name of .Ethiopian Lily. It 
has a white spathe. In its native country it is called Yarkensbl^er or Pig’s- 
leaf. 

1527. Nat. Ord. 258, — Orontiace.® or Acoraceje, the Orontium 
or Sweet-flag order,— Herbs with broad, occasionally ensifonn leaves, 
and spadiceous flowers enclosed by a spathe. They are usually asso- 
ciated with Araceas, from which they differ in their hermaphrodite 
flowers, and in having frequently a perianth consisting of 4-8 scales. 
Lindley, on account of their $ flowers, places them near Juncaceas. 
Natives both of tropical and cold regions. Species 70. Ill Oen. — 
Oalla, Monstera, Pothos, Dracontium, Symplocarpus, Orontium, Acorus. 

1528. Acridity is met with in this order, which also contains nu- 
tritious, bitter, and aromatic plants. 

Aooros CalamUB, common Sweet-Sedge, has an agreeable odour, and has been need 
as a stimulant^ tonic, and antispasmodlc. Its starchy matter is aesodated with 
a Ihigrant oil, and it is used as hair-powder. 

Oalla palustrii has acrid, amylaceous rhizomes wldeh, alter washing, ara used as 
food. The plant extends to Lapland. 

Monstera (Draoontiam} pertusa has a remarkable perforated leafl It is an acrid 
plant, and its leaves are used for blistering. 

Symplocarpus foetidtu^ Skunk-cabbage, has a very fetid odour. Its rhizome and 
seeds are used as antispasmodics. 


* The name Lords and Ladies, h> this plant, is said to be in allnaion to the fact, that in for- 
mer days thoae personages were attired in stiflSy starched raflb, in the preparation of which starch 
firom the root of this plant was employed. 
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1529 . Nat OkL 259 .— Piswaorb or Lbmkaobjb, the Duckweed 
order (B^. 1765 to 1767 ). — Floating plants with lenticular or 


Fig. 1766. 

lobed leaves or fronds (Figs. 1755 and 1756), bearing 1 or 2 mo- 
noecious flowers enclosed in a spathe, but with no perianth (Fig. 1757), 
Stamens definite, often monadelphous. Ovary 1-celled ; ovules 1 or 
more, erect or horizontal. Fruif indehiscent or membranous, or 
bursting transversely, or baccate, 1 or more-seeded. Seeds with a 
thick ribbed episperm and an indurated micropyle ; embryo in the axis 
of fleshy albumen, with a lateral cleft, or at the apex of the nucleus. 
Natives both of cool and of warm regions. Lemnas form a green 
covering of pools in Britain. They have a peculiar root-sheath (Fig. 
1756). Pistia Stratiotes, Water-lettuce, floats in the ponds of warm 
countries (p. 467). Species 20. 111. Gen, — Lemna, Spirodela, Pistia, 

Ambrosinia. 

1530. Nat. Ord. 260. — NaiadaceaE or Potamogetonace^e, the 
Naias or Pondweed order. — ^Plants of fresh or salt water, with cellular 
leaves and stems, and inconspicuous spiked flowers, which are some- 
times hermaphrodite. Perianth of 1-4 scaly pieces or 0. Stamens 
definite, hypogynous. Ovary free, of one or more oaipels, 1-celled ; 
ovule solitary, erect or pendulous, rarely 3 and erect. Style simple, 
or 2-3-claft. Fruit indehiscent, dry, 1-celled, and usually l-seeded ; 
albumen 0 ; embryo with a lateral cleft (Fig. 1273, p. 638, and Fig. 
1275, p. 639). What is called the perianth in Potamogeton, and a 
few other allied genera, is considered by some as composed of bracts, 

Figures 1756 to 1767 fllnstrato tile natural oi^ar Flf tiacem. 

Fig. 1765. Lemna minor, lenaer Duck^weed. with ita firond and sheathed roota. Fig. l7Se, The 
same magnified, ahowing the imperfisot flowers prodneed on the frond and th« diatinci pUeorhiam or 
aheatha. r. at the extrunltici of tha roota. Fig 17S7. The flower of Lemna minor, ahowhig two male 
flowera with qnadrilocular anthers, and a female flower in the centre, all surrounded by an nroeoUte 
apathe. 
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bearing imiaexual flowers. If tbat is the true view, then this order 
will not include any 9 plants. Natives of temperate and warm 
climates. Species about 40. Ill Oen. — Potamogeton, Buppia, 
Aponogetoo, Ouvirandra, Caulinia, Naias, Zannichellia, Zostera, 
Thalassia, imphibolis. 

1531. Some species are styptic, others yield edible roots, and a 
few are used for staffing cushions and beds. In the cells of many of 
the plants, rotation is seen (p. 416). 

Aponogeton dlstachyum, a Cape aquatic, thriTee well in some ponds in Britain. It 
Sowers nearly during the whole year (p. 6S2). 

Ouvirandra fenestralia, a South A&i^ plant, has peculiar akeleton cellular leaves. 

Potamogeton, Pondweed, and a few idlied hermaphrodite (?) genera, are pntby Lind- 
ley in Juncaginaoeae. The root of P. natana ia used for food in some countries. 

Zoftera, Sea-wrack, is made the type of an order, Zosteraceffi, by Lindley. It grows 
in aea-water, has its flowers enclosed in herbaceoua spathea, and its pollen haa a 
beautiful filamentous appearance.* The dried plant is sometimea used far stuffing 
beds, 

1532. Nat. Ord. 261. — TEiURiDACEds, the Triuris order . — X small 
tropical order of cellular, unisexual plants, allied to Naiadaceas, but 
distinguished in part by their peculiar seed, which consists of a hard 
striated integument, containing an embryo in the form of a multi- 
cellular nucleus. Species 8. IlL Oen» — Triuris, Hexuris, Sciaphila. 

1533. Nat. Ord. 262. — BESTUCEiB, theRestio order. — ^Herbs or 
undershrubs, with narrow leaves* or 0, naked or sheathed stalks, 
and flowers in bracteated heads or spikes, generally i $ ; glumaceous 
bracts 2-6, sometimes 0. Stamens 2-3 ; anthers usually 1-celled. 
Ovary 1 or more-celled ; ovules, one in each cell, pendulous. Fruit a 
capsule or nut. Embryo lenticular, outside the albumen. Natives 
chiefly of South America, Australia, and South Africa. Their wiry 
stems are used for baskets and brooms, and for thatching. Species 
about 170. III. Oen. — Ohaetantbus, Willdenovia, Lepidantbus, 
Thamnochortus, Restio. 

1634, Nat, Ord. 263, — ERiocAULONACEiB, the Pipewort order. — 
Marsh plants, with minute, unisexual flowers, allied to the last order, 
and differing principally in their capitate inflorescence, 2-celled 
anthers, ovary surrounded by a 2-3-toothed membranous tube, and 
seeds with rows of hairs. The species abound in South America, 
Brazil containing upwards of 100 species of Eriocaulon, some of them 
branching plants 6 feet high. Other plants of the order are found in 
Australia and North America. Eriocaulon septangulare, jobted Pipe- 
wort, is the only species found in Britab. It is met with in Skye and 
Galway. Species 200. HI. Oen. — Eriocaulon, Cladocaulon, Pas- 
palanthuB. 

1535. Nat. Ord. 264. — Desvauxiace.®, the Bristlewort order. — 
Small herbs, like species of Scirpus, havbg setaceous leaves, flowers 
glumaceous b a spathe, distinguished bom Bestbcem principally in 
havbg separate ovaries attached to a common axis, and fruit consistbg 

* See HoflneVrttr <m Zoftera^ in Henfie; and Hoxlej'i Sdentlflc Memoirs, i. 289. 
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of utricleB opening longitudinally. They inhabit the South Sea 
Islands and New Holl^d. Species 15. Ill* Oen* — Centrolepis, 
(Desvauxia), Aphelia. 


SUB-CLASS 3.— GLUMIFERAS. 

1536. Nat. Ord. 265. — OypebacejB, the Sedge order (Figs. 1758 



Kg. 1761. Kg. 1762. 


to 1762). — Grass-like, casspitose plants, have solid, usually un- 

Kgom 1768 to 1762 illtutrate the natural order pyperacese. 

IKg. 1768. Cypema eaeulentoa, with ita edible corma or inbeta. It ia couJeotured to be the He- 
brew Aehn, tnoalated Flag in Job vlii. 11, aud Meadow in Gen. rii. 2, 18. Kg. 1768. Stonintthiona 
nowef of Carez, Sedjge, otmaiaUng of a aeale or glume bearing 8 atamena witii long lUamenU and 
innate wthera. Kg. 1760. PiitilUferomi flower of C^urex, conaiating ol a leala or glume, i, bearing a 
piatil aurrounded by an urceolate perigyniom, u, through which projecta the atyia, «f, with Ua time 
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jointed, and fi?equently angular stems (Fig. 157, p. 66), leaves with 
entire sheaths, and or $ $ flowers, each with a solitary hract or 
glume (Fig. 1759), imbricated on a common axis, so as to form a 
spikelet. The lowermost glumes are often empty. Perianth 0, or 
existing in the female flowers in the form of a membranaceous cover- 
ing called perigynium (Fig. 1760). Stamens hypogynous, definite, 
varying from 1 to 12, most commonly 3; anthers iimate, 2 -celled. 
Ovary superior, often surrounded by hypogynous bristles called setm 
(Fig. 1762) ; ovule 1, erect ; style single, 2-3-clefib ; stigmas 2-3. 
Fruit a crustaceous or bony achene. Embryo lenticular, in the base 
of fleshy or mealy albumen (Fig. 1761). Generally distributed all 
over the world, and growing abundantly in moist situations. Species 
2000. ItL Oen. — Carex, Kobresia, Scleria, Rhynchospora, Schoenus, 
Cladium, Lipocarpha, Fuirena, Fimbristylis, Isolepis, Scirpus, Blys- 
mus, Eleocharis, Eriophorum, Cyperus, Papyrus, Kyllingia, Mariscus, 
Abilgaardia. 

1537. Some of the Sedges are diaphoretic and demulcent, others 
are bitter, stomachic, and astringent. By means of their creeping 
underground stems, some of them bind together the loose sands of the 
sea-shore. Some of the plants, such as Cypems Hydra, prove trouble- 
some weeds on account of their creeping, subterranean stems. The 
cellular tissue is occasionally used for paper. 

Carex arenaria (Fig. 167, p. 66), C. incurva, and other species, are fimnd on the 
sandy shores of Britain, and along with l^samma arenaria, and other Grasses, are 
useful in forming the Bent, which prevents the sand from being blown inland. 
The creeping stems of C. arenaria are used as a substitute for Sarsaparilla. 

Cyperus longus has been used as a tonic and astringent, its roots being the officinal 
part. The roots of C. rotundus contain an aromatic volatile oil. The corms of 
C. esculentus (Fig. 1768) have been used as food, and when roasted, they have been 
recommended as a substitute for Coffee. The corms of C. bulbosus are also eaten. 

Eriophorum, Cotton-grass, is so called on account of the long silky hypogynous 
bristles or hairs which surround the fruit The leaves are considered to be as- 
tringent. The hairs cannot be manufactured, but they are employed for paper, 
for wicks of candles, and for stuffing cushions. 

Papyrus antiquorum (Fig. 26, p. 19, and Fig. 26, p. 20) appears to be the Hebrew 
Gome, which is translated Rush or Bulrush in Scripture (Exod. ii. 8; Job viii. 
11 \ Is. xviiL 2, and xxxv. 7). It is probably the Bulrush of the Nile which, 
with its spreading rhizomes, helped to consolidate the mud of the Delta. It 
was used for making boats, and for ropes. The cellular tissue which fflls the in- 
terior of its stem has been used for miking paper. In Sicily a species is used for 
this purpose at the present day, which, according to Parlatore, is P. sicola, the 
plant usually cultivated in European gardens. A specimen of Sicilian Papyrus 
paper is seen in the Edinburgh Botanical Museum. P. corymbosus supplies In- 
dian-grass matting. 

Scirpus lacustris, C. Tabemiemontani, and other species of Cluhmsh or BuU-msh, axe 
used, like Bushes, for making mats, baskets, and the bottoms of chairs. 


niigoas. Fig. 1761. The ripe pistil of Carex cut Tertlcally, showing the minute embryo in the base of 
the alhumen. Fig. 1768. Hermaphrodite iiower of Bcirpus, dub-nuh. The glume hM beenremored, 
and there are seen aix hypogynmia, retroraeiy'toothed briitlee, three atamens with innate anthers, 
and tbe pistil with a aingie style and three atigmas. 
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1638. Nat. Ord. 266.— GEAinuBiB, the QtasB ord*r (Figs. 1768 to 
1781).— Herbaceous plants, with round, usually hollow, jointed stems ; 
narrow, alternate leaves, having a split sheath and often a lignle at 
its rntriniif. (Fig. 1772) ; hermaphrodite ot monoecious, or polygamous 



Fig. 17G3. I’lg. 1764. 


flowers, either solitary or arranged in spiked or panicled locustce (Fig, 
1773). The flowers are considered as composed of a series of bracts ; 
the outer, called glumes (Fig. 1774), alternate, often unequal, usually 
2 (Fig. 1778), sometimes 1, rarely 0 ; the next, called pales or glu- 

ilguref 1763 to 1781 illuitrate the lutural order Grammen. 

Fig. 176S. Amndo Donazi a panicled graia, luppoied to be one of the plant! Implied in the Hebrew 
Kaneb, and the Greek Xalamoi, translated Reed in many part! of Scripture (1 Kings xir, 16 ; Job 
xl. 31 ; Is. xlx. 6 ; Esek. xxix. 6 j Matt. xiL 20). klg. 1764. Andropogon Calamus aromaticns, a grass 
which yields a fragrant oil, and supposed by Boyle to be the Hebrew Kaneh Bosem, 'and Kaneh 
Hattob, translated Sweet Calamus (Exod. xxx. 23), and Sweet Cane (Jer. vi.20}; probably also the 
Calamus of Cant. iv. 14, and Exek. 3 ^i. 19, and the Sweet Cane of Is. xliil. 24. Fig. 1766. Panienm 
miliaceum, Millet, appears to be the Hebrew Dokham or Docham, translated Millet In Esek. hr. 9. 
Fig. 1766. LoUum temulentnm, the Damcl-grass, said to be the only poisonou grass; but there are 
donbis in regard to its narcotic qualities. Some suppose it to be the Zlxtnia or Tares of Scripture 
(Malt. xiiL26, kc.), the infelix loUna of TirgU (See also Fig. 885, p. 160). Fig. 1767. Daetylis esBfpftemi, 
the Tttssao^raw of the Falkland laUnds, a raluable kind of pasture grata. Fig. 1768. Spike of 
Trtthmm, Wheat, consisting of numerous pikelets srrsBged sloug s oommOB rlMhis. 1%. 1168. 
Tnticum l^Ks, Spelt, a kind of awned or aiistate Wheat, supposed to bs ths Htbrew Kmsi sie th, 
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xnelleB (palen or glumellfld), usually 2, alternate (Figs« 1775 and 



Fig. 1779. Fig. 1778. 


traBiUted Rye (Exod. ix. IB; le. xzriiL 86), and Fitcbei (Ezek. !▼. 9). Fig. 1770. Tritlcam oonpo* 
Egyptian Wheat, having nnmerona apikei (ean) coming from one atalk. It ii one of the 
plante indnded in the Hebrear Chittah, trai^ted Wheat in varioni parti of the Old Teatament 
(Gen. XXX. 14 ; Exod. ix. 89 i Dent viii. 8, Iec.) Fig. 1771. Diagram of a apikelet of Avena, Oat, 
•hewing two g^ea, gi g\, endoaing three flowen, one of which, «, ia abortive; the two palea or 
glnmelloi, 6 1 6, the inner apparently formed by the nnion of two ; two acalea, lodienlea, pp, the third 
being abortive and marked by a dotted curve; three atamena, e, ovary, e, with two ftathery liylea. 
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1776 ), the lower or outer one being fdxnple, the upper or inner having 
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Fig 1771 J'K 

2 dorsal or lateral nbs, and supposed to be formed by 2 pales united ; 
sometimes 1 or both are awanting. The glumes enclose either one 

Fijr 1772 Leaf, 1, of Foa, Meadow graia, with a tplit iheath, g and a hgule, hg Fig 1778 Bpflcelet 
of Wheat, compoied of nnmeroai flowera, ll enclosed within two glumes, oa The stamens hare 
thread like filaments and versatile anthers Fig 1774 A glome of Wheat seen in profile. Fig 1775 
Outer pale or glumelle of Wheat with one mid nb and four lateral nbe Fig 1776 Inner pale or glu- 
md’e of Wheat, with two ribs, indicating ita probable formation by the union of two pales Fig 
1777 Ovary of Wheat with the pales removed, shewing the bypogynons sealest lodicnles, eg, three 
etamens with vereatile anthers, a, and two feathery etyles, Fig 1778 Sifikelet of Avma eativa. 
Gate, ahewing two glumes, g\ gr/, outer pale or glumelle, ps, with a dorsal awn (arista), a, inner pale* 
pt, the palee eneloaiug the eseential organs , aborhve or sterile flower, Fig 1776 Flower of 
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floirer, as in Fox-tail grass, or more flowers, as in Wheat (Fig, 1778), 
and among the flowers there are frequently abortive florets (Fig. 1771, 



Fig. 1768. Fig. 1781 . Fig. 1766. 


a, and Fig. 1778). Stamens hypogynous, 1-6, usually 3 (Fig. 1777); 
anthers versatile. Ovary superior, 1-celled, with 2 (rarely 1 or 0) 
hypogynous scales called lodicules (Figs. 1777 and 1779) ; ovule 
1 ; styles 2 or 3, rarely united; stigmas often feathery (Fig. 1777). 
Fruit a caryopsis (p. 282). Embryo lenticular, external, lying on 
one side, at the base of farinaceous albumen (Fig, 1780). Ger- 
mination endorhizal (Fig. 1781). Grasses are widely distributed, 
and are found in all quarters of the globe. Schouw conjectures that 
they constitute l-22d of all known plants. They are usually social 
plants, forming herbage in temperate regions, and sometimes becoming 
arborescent (50 or 60 feet high) in tropical countries. There appear 

0»t cut Tertica3l7, ihewing inner ptl^ pi, lodienlee, a;, three stamene, and ovary with two feathery 
itylea. Fig. 1780. Caryopaii, gi^n of Oat; pericarp, o, ipennodem, t, farinaceom aUnunen, «* 
Embryo plant lying at one ildo at the base, with radicle, r, plumule,^, and cotyledon, e. Fig. 1781. 
Grain of OaU gorminating; radidei, r, eoloothiuB or aheaUti, co, plumulo, p, a^ cotyledon, c. 
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to be nearly 4000 known grasses. lU. Oetu — Orysa, Zizania, Zea, 
Coix, Alopecunis, Pblenm, Holcns, Milium, Panicnm, Stipa, Agrotrtis, 



1767 


Tig 1780 


hg im 


Anindo, Ecbinaria, Cynodon, Chloris, Spartina, Hierochloe, Anthox- 
anthum, Aira, Arrbenatherum, Poa, Briza, Dactylis, Cynosurus, Fes- 
tuca, Bromus, Bambusa, Lolium, Tnticum, Blymus, Hordeum, ^gi- 
lops, Naidus, Lepturus, Saccharum, Andropogon. 

1539. This is perhaps the most important order in the vegetable 
kingdom, as supplying food for man and animals. To it belong the 
cultivated grains, Wheat, Oats, Barley, Rye, Rice, Maize, and Millet. 
Most of these have been so long under constant cultivation that their 
native state is unknown. Some curious observations, however, have 
been lately made in regard to the native state of Wheat (p. 709). The 
properties of the order are nutritive in a marked degree. Some yield 
fragrant oils, others produce sugar. The fragrant odour given out by 
Anthoxanthum, and other grasses used for hay, has been attributed to 
benzoic acid. Some, as Bromus catharticus and B. purgans, were 
stated to have cathartic qualities, but this seems to be erroneous. 
Lolium temulentum. Darnel-grass (Fig. 1766), supposed to be the 
Tares, Zizania, of Scripture, has been said to be narcotic and poison- 
ous, but this has not been fiilly proved. Some grasses, with creeping 
subterranean stems, as Triticum repens. Quick-grass, are troublesome 
weeds ; others of a similar nature, as Elymus arenarius and Psamma 
arenaria, bind the loose sand of the sea-shore together. Spruce says 
that grasses chiefly belonging to the tribes Oryzesa, Chlorideae, and 
Panicese, constitute the mass of the numerous floating islands in the 
^azon, called Ilhas de Capim. These islands are sometimes acres 
in extent, and from 5 to 8 feet of their thickness is under water. The 


Additional illostrationa of Grammece — Gmna of Wheat, Pigs 846 and 847, p 988. Onlm of 
Wheat, Pig 291, p 186 Germination of Wheat, Maiae, and Briia, Pig 12T4, p 688, Pig 1281, 
p 641 , and Pig 1288, p 643. Goninlt alao FanieU’s nork on Bntuh Graaae^ and Iawikb^ Uat of 
cultiTated Graiaee 
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hollow stems of some tropical G-rasses contua a cool fluid which snpplies 
a refreshing drink. The cuticle of Grasses is silioeons. 

Anathfimm mtnricatasi is an Indian grass, haring an aromatic rhiaoms^ whieb is 
sold as a perfhme under the name of Vetirert. 

Andropogon Schoenanthus, Lemon-grass or Gingmvgrass, and A. Calamus aromati- 
cos (Fig. 1764), yidd a fragrant oil. The latter is considered by Royle the 
Kaneh Bosem, Sweet-cane, or Calamus of the Bible, A. sacdiaratum, Shaloo, is 
cultivated in India as a nutritious grain. The grain of A. Sorghum is imported 
under the name of Dutra or Doura. It resembles Millet 

Arundo includes many of the plants commonly called Reeds, some of which, such as 
Arundo Phragmites (Phragmites communis), are probably implied in the Hebrew 
word Agmon, which occurs in Job xL 21, xli. 2 ; Is. ix. 14, xix. 16, Iriii 5, and 
has been translated Flag, Hook, Rush, and Bulrush. A. Donax (Fig. 1768) is con- 
sidered by Royle to be one of the plants included in the Hebrew Kaneh and Greek 
Kalamos, translated Reed in Scripture. 

Arena sativa, the common Oai^ is a grain of northern climates.* A. nuda, the naked 
or Hill Oat used to be cultivated in Scotland, and A. orientalis, Tartarian Oat, 
with its unilateral panide, is still occasionally grown in Adds. A. &tua, the 
Wild Oat has a very hygrometric awn. 

Bambusa amndinacea, the Bamboo, attains a great height and in hothouses in 
Britain it has sometimes grown at the rate of a foot or more per day. Wallidi 
mentions, that in the Calcutta Garden the shoots of Bambusa gigantea grew not 
less than 25 feet 9 inches in length during July 1888 (Kew Misod. i. 218). Occa- 
sionally the Bamboo has a diameter of 9 or 10 indies. The young shoots are used for 
pickles, and the hollow stem is employed for a variety of purposes. Paper is pre- 
pared from it, and a siliceous matter called Tabasheer is procured from its joints (p. 
889). Dr. Hooker, in f^ieaking of the Bamboos near Daijeeling, says— “ There are 
so many kinds, they so seldom flower, require so much experience in their native 
states, and so cautions an examination from the botanist, that it is next to im- 
possible to define the limits of ten or twelve spedes easily distinguished by the 
Lepchas who inhabit the district. A very large kind of Bamboo is used by the 
Lepchas for choongts or water-buckets, another for quivers, a third for flutes, a 
fomth for walking-sticks, a fifth for plaiting work (baskets), a sixth for arrows ; 
while a larger sort serves for bows. In an economical point of view, they are 
classed into those which split readily and those which do not. The young shoots 
of one or more are eaten, and the seeds of another, either raw or cooked, are made 
into a fermented drink. In China the Bamboo is used for numerous purposes-^ 
for water-pipes, fidiing-rods, for mdcing hats, shields, nmbrdlas, soles of shoes, 
baskets, ropes, paper, scafiblding-poles, trdlis-work, sails, covers of boats, 
and Katamarans.’* The young shoots are boiled and eaten, and sweetmeats are 
dso made of them.f 

Coix Laduyma has hard grains, which are commonly called Job*8-tears, and are 
used as beads. 

Dactylis cnspitosa, the Tussac-grass of the Falkland Islands (Fig. 1767), has been 
cnltivated with some success in Shetland and in the island of Lewis. It yields 
valuable fodder. D. glomerate is the common CockVfoot grass. 

Gynerium argentenin, the Pampas-grass of the Cordillera, thrives well in some places 
in Britain, and is a graceful grass. The flowers are in panicles 1^ to 24 feet 
long, and of a silvery whiteness. G. saccharoides yields sugar in BradL 

Hordeum includes the species of Barley which, along with Oats, is a grain of tem- 
perate and cold climates. H. distichum, two-rowed Barl^, is the common cul- 


* The duef vtneiiei of Oat m cultivation in Scotland are the Potato, Bandy, Hopetonn, JBarly 
AngM, Poland, and Qommon Oat. 

t A Chinese doek, made from Bamboo leaves, and wove paper, made from stripe of Bamboo, have 
been pfoson tod by A H. Balfour, Esq , Hong Kong, to the Edmbnrgh Botanicsl Mnsenm. 
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tlTat«dfpodM» |L rolgu^ Botb Bligg* or S>iir-ww«d bari^, ai^ 
tiebiim, gix-iwad Barley, are amflned to Uglier diatrioti^ and are tardy cnltt* 
vated in Britain. The Hebrew woid Seorah cnrShoidi, tinadated Barley, ooouti 
In many parte of Scripture (Exod. ix. 81{ Ley. xxviL 16$ la. xxdiL 25 $ Jod L 
11, Ac.) ; and Barley-bread la referred to aa being need by the common people 
(Judges viL 18X2 Kings hr. i2$ John yL 9, 18). 

Orysa satiya^ Bicc^ is the grain which is said to support the nuijority of the 
human race. Bice Starch is maaufactored and sold under the nanoie of Patent 
Starch. Rice, along with Maiae and Millet^ is the chief grain of warm countries. 

Panicom miliaoeom, a kind of Millet (Pig. 1765), is onlti'^mted for its grain in warm 
countries, i It is the Hd>rew Ddcfaam, The grain is called Warree in the East 
Indies. P. jnmentorum Is the Guinea-grass $ P. spectahile the Angola-grass. 

Paspalus viigatna^ Iisinsha-grass, is excellent fodder in Demerara. 

Fhalaris canarien^ produces the grain called Canary-seed, used for birds. 

flaniAam m officinsrum, the Sugar-cane (Fig. 78, p. 33), is an important Grass. The 
import of Cane. 4 ugar into Britain in 1852, was 7,214^685 cwts., besides 548,628 
cwts. of Molasses. 

Secale oereale, Rye, Is subject to a disease called Ergot, wUch rendera it unfit for 
use (page 689). The Hebrew word Kussemeth, translated Rye, appears to mean 
Triticum Spelta, Spelt Wheat (Fig. 1769). 

Sorghum. This genus yields the grain called Guinea-oom. Sugar is procured from 
S. saccharatum, Sweet Sorgho. S. vulgare is called great Millet or Sowaree, 

Triticum vulgare is the common Wheat; the yariety called T. amtiyum, or Spring 
Wheat, being sown in spring, and that called T. hybemnm, Winter Wheat, 
being sown in autumn.* Some varieties of Wheat are destitute of awns, others 
are awned like barley, as is seen In T. Spelta, Spelt (Fig. 1769), the Hebrew 
Knssemetb. T* compositum is the Egyptian or many-eared Wheat (Fig. 1770), 

p ) and is included in the Hebrew word Ohittah. M. Esprit Fabre has recently main- 
tained, that aU the varieties of cultivated Wheat are derived from a grass called 
iEgilops ovata (p. 709). 

Zizania aquatica supplies the Swamp-rice>f Canada. 

1540. Analysis of the Monocotyledonous natural orders, with 
references to the numbers of the orders in the preceding pages. 


I. Endogens with netted leaves. 

1. Perianth adherent, ovary inferior. 

Unisexual, fruit capsular, a cavity in the albumen Diosooreaoett, 224. 

2. Perianth free, ovary mperior. 

Ovary l-celled. 

Placentas basal, flowers tetramerous Roxborgbiacen^ 227. 

Placentas parietal, flowers trimerous Philesiaces^ 228. 

Ovary 8-6 c(^ed. 

Flowers $ ; perianth with 6 divisions, all peta- 

loid, leaves articulated with the stem Smilaceie, 225. 

Flowers ^ ; perianth with 6 or 8 divisions, all her- 

herbaceous or 8 petaloid, leaves not articulated TrilUacese^ 226. 


II. Endogens with parallel-yeined leaves. 

1. Flowers with a verticfllate perianth, and nsually hermaphrodite. 
0 . Perianth adherent, owury kferior, 

Flowers gynandrons. 


* The virietief of Wheat recommended for cultifstion in Scotland are Fenton, Hnnter% and 
Hopetonn. 
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Ov«fy 1-cetled, placentas parietal Orehidaceis^ 230, 

Ovary 8-ceUed« placentas axRe Apoctasiaoeie, 281. 

flowers not gynandrons. 

Veins of the leaves running from the midrib to the margin. 

Stamens, one only fertile. 

Anther l>celled, filament petaloid Marantacee, 284. 

Anther 2-celled, filament not petaloid Zingiberaoem, 288. 

Stanmis, 5 or 6 fertUe Hnsaoese, 285. 

Veins of the leaves numing parallel to the midrib. 

Stamens 8. 

Anthers extrorse, distinct embryo in dense aU 

bnmen Iridacem, 286. 

Anthers introrse, embryo a loose cellular nucleus Burmaimiaoett, 232. 
Stamens 6. 

Anthers turned outwards Bunnanniacese,232. 

Anthers turned inwards. 

Leaves eqoitant H»modoraceft,289. 

Leaves flat^ not equitant. 

Fruit Swelled. 


Outer perianth coloured, albumen fleshy or hard. 

Seed with a beaked strophiole, radicle 

remote from the hilmn, leaves dry Hypoxidaoes^ 238. 
Seed not strophiolate, embryo next 

hilum, leaves not dry AmaryllidaceaD, 287. 

Outer perianth herbaceons, albumen mealy. 

Leaves rigid, channelled, often scurfy Bromeliaceie, 241. 

Fruit 1 -celled Taccaceie, 240. 

Stamens more than 6. Aquatic plants Hydrocharidaces^ 229. 

b. Perianth free, ovary euperior. 

Outer perianth herbaceous or glumaceous. 

Carpels more or less separate. 

Placentas parietal, forming a network on the inner 


surface of the ovary, fruit many-seeded Butomacere, 264. 

Placentas axiie or basal, fruit l-2-8eeded. 

Anthers extrorse, embryo straight, with a lateral 

slit JuncaginacesB, 268. 

Anthers introrse, embryo like a horse-shoe, no 

slit Alismaoesa, 262. 

Carpels combined into a solid pistil. 

Verticils of the perianth visibly different. 

Placentas axiie, anthers 2-ceUed Commelynacem, 248. 

Placentas parietal, anthers 1- celled Mayacaceie, 249. 

Verticils of the perianth not different, usually dry 

and glumaceous Juncacen, 260. 

Outer perianth petaloid. 

Carpels more or less separate. 

S^d solitary, flowers on a scaly spadix Palmss, 261. 

Seeds numerous, flowers not spadiceous. 

Anthers extrorse Melanthaoeie, 243. 

Anthers introrse. 

Perianth of 6 parts Butomaceie, 254. 

Perianth of 2 parts Philydracese, 247. 

Carpels combined into a solid pistil. 

Anthers extrorse. 

Outer perianth glumaceous Xyridacese, 246. 

Anthers introrse. 
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Flowers more or lete imgdUr, perUnOi rolling 

inwnrds after expansioii> aqoatiea PontederUcen, 245. 

Flowers regalar, no rolling inwards of the perianth. 

Inner perianth rninnte, of a single lobe, or 

nroeolate w 5-toothed * GUlieelacesB, 244. 

Inner and outer perianth alike L i li acei e , 1142. 


2. Flowen withont a tme perianth, ^ther aohlam}’deous or with a few vertioillate 
scales, often oniMxual. 

a. Fhwert on a ipadlx. 

Flowers hermaphrodite * Orontlacem, 256. 

Flowers tmisexoal. 

Embryo with a cleft at one side in which the plumule lies. 

Fruit succulent, stamens very short, perianth 0 Araoea^ 257. 

Fruit dry, filaments kmg, with cuneate anthers, 

perianth being scales or hairs Typhaces^ 256. 

Embryo without a cleft. 

Fruit, iHBeeded fibrous nuts^ or many-celled berries Pandanaceae, 255. 


5. Flowers not on a ^po/dix. 

Ovules pendulous. 

Carpel solitary. 

Anthers l-ce11ed Restiaceas, 262. 

Anthers 2-cencd Naiadaceas, 260. 

Carpels several. 

Carpels separate. 

Anthers 1-celled DesvauziaoeaB, 264. 

Anthers 2-celled. 

Ovaiy surrounded by a membranous tube EriocaulonaceaB,268. 

Ovary without a surrounding tube Naiadaoeie, 260. 

Carpels combined into a solid pistil Restiaceas, 262. 

Ovules erect. 

Embiyo with radicle and cotyledon conspicuous. 


Seeds with a thick coriaceous ribbed Bper> 
moderm, and an indurated foramen, flowers 


spathaceous l^stiaoeas, 259. 

Seeds without a thickened covering, foramen 
not indurated, flowers naked or with scales ... Kaiadaceas, 260. 
Embiyo consisting of a cellular nucleus, with no 
division of parts Triuridaceas, 261. 

3. Flowers consisting of imbricated bracts, called glumes. 

Stem hollow, leaf-sheath split, embryo outside the al- 
bumen at its base Graminea^ 266. 

Stem solid, leaf-sheath not split, embryo within the 
base of the albumen Cyperaoeas, 265. 



II.-CBYPTOGAME^, ACOTYLEDONE^, OB 
FLOWEBLESS PLANTS. 


CLASS IIL-ACOTYLEDONES OK ACEO-THALLOGENJl. 

SUB-CLASS 1.— AOEOGEN^, ACEOBRYA, OR 
CORMOGENiE. 


1541. Nat. Ord. 267. — Filices, the Fem order (Figs. 1782 to 
1784). — Leafy plants, the leaves, or more properly fronds, being cir- 



Fig. 1788. Fig. 1782. Fig. 1784. 


cinate in vernation (Fig. 974, p. 324), and arising from a rhizome 
(Fig. 69, p. 29), or from a hollow arborescent trunk (Fig. 973, 
p. 324), having the acrogenous structure (p. 92). The fronds bear 

Figurei 1782 to 1784 iUnstrate the natoral order FUloei. 

Fig. 1782. Frond of Nlphoboliu, ehowing clusters of sporangia, called soil, at the extremities of 
the Toins. The Fern Is dorsiferous, inasmuch as the sori are on the back of the fruotifiBronB leaf or 
fitmd. Fig. 1788. Smui of Aspidlum txVoliatum. The cluster of sporangia is oorered by an Indu- 
slom, or as It is sometimes called an ioTolacre, derived from the epldennis of the frond. The 
tndnsiom is orbioniar and attached by Its centre The sporangia are annulate. Fig. 1784. Sporan- 
glam of LastxeaFiliz-mas, supported on a cellular stalk, p, which is prolonged round the spore^oase in 
the Ibrm of an elastlo ring, a, which straightening opens the sporanginm transversely, so as to 
scatter the spores. 

Further illustrations of FlUoes interns of Femti, Figa 208 and 204, p. 83; Fig. 972, p. 884. 
Scalariform vessels of Ferns, Fig. 970, p. 824. Venation of Ferns, Figs. 076 to 962, pp. 825 ai^ 828. 
Indusinm, Fig. 964, p. 827. Spores, rigs. 988 and 988, p. 818, and Fig. 986, p. 828. FrothaDus, Figs. 
1270 and 1271, p. 637. 
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on the vrang of their lower gorfeoe (Fig. 1782), or along their mai^ 
f p«rai.gia, which Open in variona ways in order to discharge minute 
spores. The si^posed organs of reproduction, called antheridia and 
archegonia (Figs. 1226 to 1232, p. 574), are seen on the young fiond, 
when first developed from the spore in the form of a prothallus.— 
(For full details of stmctnre and reproduction see pages 821 and 675). 
A moist, insular dimate is that best adapted for Ferns in general. 
They abound in tropical islands, where they sometimes have trunks 
50 or 60 feet high (Fig. 165, p. 70, and Fig. 967, p. 822). Ferns 
fcrm the characteristic Flora of New Zealand. Species between 2000 
and 3000. 

1542. The following divisions have been adopted Sub-order 1. 

PolypodiaceiB, the Polypody tribe (Fig. 205, p. 94) ; Sporangia, in 
variously-shaped clusters, called sori, on the back or margins of the 
fronds, each sporangium having a vertical, incomplete ring (annulus), 
or a horizontal complete one, which, when mature, straightens so as 
to open the spore-case transversely, or irregularly, and thus discharge 
the spores (Fig. 1784). The son are covered by an indusium or in- 
volucre (Fig. 1783), or by the reflexed margins of the frond. Ilk 
Qen. — Gymnogramma, Ceterach, Pol 3 ^odium, Adiantum, Pteris, 
Allbsorus, Blechnum, Asplenium, Nephrodium, Polystichum, Cystop- 
teris, Davallia, Cibotium, Hemitelia, Alsophila, Cyathea, Ceratopteris, 
Parkeria, Hymenophyllum, Trichomanes, Gleiehenia. Sub-order 2, 
Osmundacese, the Flowering-fern tribe (Fig. 985, p. 327) ; Sporangia 
dorsal, or clustered on the margin of a transformed frond, with a ter- 
minal or dorsal ring, more or less complete, reticulated, and opening 
vertically (Fig. 986, p. 328). Ill, Oen, — Osmunda, Todea, Aneimia, 
Schiza^a, Lygodium, Mohria. Sub-order 3. Ophioglossacee, the 
Adder’s-tongue tribe ; Sporangia in a spike-like form, sessile on the 
margin of a contracted frond, without reticulation or a ring (exannu- 
late), 2-valved; fronds with straight vernation. Gen.-— Ophio- 

gloBSum, Botrychium. Sub-order 4. DanasaceeB, the Danasa tribe; 
Sporangia dorsal, combined in masses, exannulate, splitting irregu- 
larly by a centrd cleft. Ill, Oen, — Kaulfussia, Angiopteris, Dansea, 
Marattia, 

1543. Some Ferns are used medicinally as anthelmintics, while 
others are demulcent and astringent. The rhizomes of several species, 
such as Diplazium esculentum, Pteris esculenta, Marattia alata, Ne- 
phrodium esculentum, are used as food in Australia, the Sandwich 
Islands, and India. Some species are fragrant, as Aspidium fragrans, 
Polypodium phymatodes, and Angiopteris erecta. 

Adiantum OapHlus Yeneria, tnia Maiden-hair, haa been need in the preparation of 
Syrup of Capillaire. A. pedatum to also employed fbr a similar purpose^ aa well 
as for pectoral mixturea. 

Aspidium Baromez, the Barometz, haa receired the name of Scythimt-lambb ftmn 
tee appearance presented its woolly rhizome when the learea ara ent of in • 
partied way, and it turned upside down. 



MABSILBACB^— LYCOPODUCE^. 


Davallla camuriendsi found in the Canary Tidanda, ia caUod Hara'a-fooi Fansit on 
acoonnt of the form of its hafiy rhizome. 

Lastrea Filix-mas is an effectnal yermifhge in cases of Tapo-worm. The powdered 
rhizome, and an oleo-rerin extracted firom it hy ether, are the forms emplcyed. 


1544. Nat. Ord. 268. — ^Maksileace^ or Ehizocarpbjb, the Pep- 
perwort or Rhizocarp order. — Aquatic plants, with creeping stems, 
bearing leaves, which are usnallj divided into 3 or more cuneate 
portions (Fig. 996, p. 332), and have a circinate vernation. The 
fructification is produced at the base of the leafstalks, and consists of 
i^rocarps or involucres enclosing clustered organs (Fig. 995, p. 333), 
which consist of antheridian (Fig. 1239, p. 676) and pistillidian cells 
(Fig. 1241, p, 577). The germinating body has an oval form, and 
occasionally a mammilla on one side (Fig. 1240, p. 577), whence roots 
and leaves proceed. — (See full description, pages 333 and 577). 
Found in ditches in various parts of the world, chiefly in temperate 
regions. Species about 20. Ill Pilularia, Marsilea, Azolla, 
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C Salvinia. 

1545. Nat. Ord. 269. — Lycofo- 
DiACE.®, the Club-moss order (Figs. 
1785 to 1787). — ^Plants with creeping 
stems or corms, which produce l^fy 
Fig 1786 branches, somewhat resembling Mosses. 

The leaves are small, sessile, and im- 
bricated or verticillate. The fructifi- 
cation occui'S in the axil of leaves 
(Fig. 994, p. 329), and often in a spike- 
1785), and consists of 
kidney-shaped, 2-valved cases, which 
Pig 1787 contain antheridian or spermatpzoidal 
cells (Fig. 1786), and roundish Or four- 
sided bodies, called oophoridia, opening by 2 valvi^, and 
containing 4 large spores (Fig. 1787). In the inter* tr of 
the latter a pro-embryo is developed (Fig. 1236, p. io'l), 
in which archegonia are produced (Figs. 1237 and 1238, 
p. 576), and thereafter impregnation gives rise to the 
germinating body. — (Full details are given at pages 331 
and 576). Natives both of cold and warm climates, but 
abounding in the tropics, and especially in insular situa- 
tions. Species about 200, III, Gen. — ^Psilotum, Lyco- 
podium, Selaginella, Isoetes, Phylloglossum, 

1546. Some of the plants have emetic and purgative 
properties. The powdery matter contained in their fructi- 
fication is inflammable. 


Fignmi 1785 'to 1787 illtittnte tbe nrntnral order Lyeopodiaceae. 

fig. 1785. Dad of fruetiflsrow tnreiieh of Lyoopodram dmtvmi oornmott Chib*inoie. Tbe letfy 
bnuidi, t, endi in lUdk beanng two ipikei of frectificatioi},/ Fig. 1786. A kidaey-ihftped S>Td?ed 
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Lmpodima d««tum famishe* the ydlow lyoopod* powdw, whkh to often c*lhd 
Te^eUbla brimstone and used for fire-work^ as well as hr ooreHng pills. A 
BM«rpo*d« to fan1tohedb3rL.Bel.go and other «p^«. L.««th.^mfa 
said to be a powerful caihartio. L. squamatam (SdagineUa owvoluU^ hr hy- 
grometric, coiling up like a baU when dry, and expanding when moisture is 
applied. 

1547. Nat. Ord. 270.— EQmsi5TACE.JB, the Horsetail 
order (Fig. 1788).— Cryptogams having rhizomes or 
underground stems, bearing hollow, striated, siliceous 
branches, which are jointed and have membranous sheaths 
at the articulations. The place of leaves is supplied by 
green-coloured branchlets, which are sometimes verticil- 
late. The fructification consists of cone-like bodies (Fig. 

1788,/) bearing peltate polygonal scales (Fig. 989, p.328), 
under which are spore-cases opening inwards by a longi- 
tudinal fissure, and enclosing spores with 2 hygrometric 
club-shaped elaters (Fi^. 990 and 991, p. 328). The 
plants have a confervoid prothallus, and on it antheri- 
dian and archegonial cells are developed. — (Full details 
are given at pages 330 and 575). Found in ditches and 
rivers in all parts of the world, both warm and cold. 

In tropical regions some attain a height of 15 or 16 feet. 

Species about 12. III. Chn. — Equisetum. 

1548. A large amount of silica is found in the cuticle 
of the Horsetails, associated also with fluorine (p. 388). 

The rhizomes contain starch. 

Equisetum byemale, rough Horsetail, is used for polishing furniture, 
as well as ivory and brass. It is imported from Holland under 
the name of Dutch Bushes. 

1549. Nat. Ord. 271. — Musci, the Moss order (Figs. 

1789 and 1790.) — Erect or creeping, terrestrial or aquatic 
plants, with cellular stems, bearing minute cellular leaves. The organs 
of fructification consist of cylindrical, pear-shaped, or ellipsoidal stalked 
sacs, containing antheridian cells with phytozoa (Fig. 1000, p. 335), and 
of spherical or obovate archegonia, from which, after impregnation, are 
developed um-shaped sporangia (Fig. 1001, p. 335), supported on stalks 
called set® (Fig. 1789, p), and containing germinating spores. Thesporan- 
g^ahavea calyptra (Fig. 1002, p. 335), an operculum, and frequently ape- 
ristome, consisting of processes called teeth (Fig. 1790, p), which are either 
4 or some multiple of that number.— (Full details are given at pages 
334 and 572). They are found in all parts of the world, and abound 

eue, eonUiidag aatheiMifta eeUt with phytozoa ; theio eelli are aometlmea called email ipores. Wg . 
1767. Oofphoridiuin, with four large iporea, each containing a prothallna on which archegonia are 
formed* 

Fig. 1788. Fmotifleation of Eqniietam Tdinateia, Great Water Hone-tail, ahowing the atUk luw 
romided by nembranotte aheatha, # i, which are fringed by numerona pzoeeaaea or teeth. The fruetilU 
cation,/, at the extremity, ie in the form of a otme bearing polygonal acalea, under which are ipcrer 
eaeea eontaiBiag qporee with dante fihunenhi (p. 828). 
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Fig. 1790. 


Fig. 1789. 


ia moist temperate regions. Species between 1100 and 1200. There 
are two divisions of the order. Snb*order 

1. Andrieac^ Split-mosses; Sporangia 
calyptrate, splitting longitndindly into 
4 equal valves, which are kept together 
at the summit by a persistent opercu- 
lum. Ill* Gfen. — Andraea. Sub-order 

2. BryacesB, true Um-mosses; Sporan- 
gia c^yptrate, opening at the summit, 
and not by valves. lU. Oen* — Phascum, 
Gymnostomum, Splachnum, Orthotri- 
chum, Weissia, Dicranum, Didymodon, 

Bryum, Bartramia, Funaria, Poly trichum, 

Buxbaumia, Hypnum, Neckera, Hookeria, Fonti- 
nalis. Sphagnum. 

1550. Nat. Old. 272. — ^HEPATioiB, the Liver- 
wort order (Fig. 1791). — Plants having a cellular 
axis of growth which bears leaves or a thallus (Fig. 
1791). Antheridia (Pig. 1008, p. 340) and ai*bhe- 
gonia (Fig. 1222, p. 573) are placed either in the substance of the 
thallus, or on sesdle or stalked processes. The stalks support 
sporangia or peltate sporangiferous receptacles. 
Sporangia sometimes open by valves, and bear 
elaters. — (Pull details are given at pages 338 
and 571). The plants are generally distri- 
buted both in cold and warm climates, and 
more especially inhabit damp places. Some 
of the species of Marchantia, ei^cially M. 
hemisphaerica, have been recommended as poul- 
tices in cases of Anasarca. Species about 700. 
The following are the divisions of the order. 
Sub-order 1. Jungermanniacew, the Scale-moss 
tribe; Sporangia opening by 4 valves, the 
spores mixed with elaters. lU, Gen. — ^Blasia, 
Pellia, Eadula, Jungermannia, Plagiochila, 
Gymnomitrium, Anthoceros, Monoclea. Sub- 
order 2. Marchantiacem, the true Liverwort 
tribe (Fig. 949, p. 316) ; Sporangia not open- 
ing by valves, bursting irregularly, spores mixed 
with elaters (Fig. 1012, p. 340). lU* Gen . — 



Figvnt 1789 tnd 1790 ilhiftrtte th« nfttnral order Muncl. 

Fif. 1789. Fmutri* hjfrooietrioa, hypvmetric Cord-mou. PerioluBtie] c^Qnlir letTai, /, from 
which ftriM lUlkt or eetm, bearing iporangU, ti, with a iplit calyptra, c, and an q^cnhun, o. Fig. 
1700. Sporanglnni, n, of Enealypta, Fxttnguiaher-moai, with ita atalk, and operonlnm, o, removed to 
ahow 16 proceaaea, called teeth, of the peratome. 

Additional illnatrationa of IdoMea Fol^cbiim, Fig. 947* p. 816, and Fig. 964, p. 817. 
Sporangia, Figs. 1004 and 1006, p. 887. Chnrminating iporea and proihaUns, Figa. 1068 and 1069, 

p.686. 

Fig. 1791. Portion of the thallna, f, of Mirdumtiapolyinorpha, liverwort, beaiingthe frnetifleatioii 
on a peltata raoaptade, r, anpported on a ataUc^ «. 
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F«g«tella, LnnTOaria, Maidumtia, Taigionia. Sub-order 8. Biooi- 
aoete, tbe Cryetalwort tribe; Spormgis not opening by valves, and 
haying no elaters* IW. tfen*— 'Riccia. 


SUB-CLASS 2.— THALLOGEN-ffi, THALLOPHTTA, 

OB CELLULABES. 

1651. Nat. Ord. 273. — ^Lichenes, the Lichen order (Pigs. 1792 
to 1794). — Cellnlar plants growing on stones, on the surface of the 



rig. 1798. 1^^1792. Fig.irM. 


earth, or on trees, and taking np nourishment by all points of their sur- 
face, having a foliaceous, crustaceous, or leprous thallus (Fig. 1792). 
Their fructification consists of thecae or asci, containing 4, 8, 12, or 16 
sporidia (Fig. 1794). The thecae are often mixed with paraphyses, and 
by their union form circular, cup-shaped, or linear masses, which are 
called shields (Fig. 1793), There are also spermogones or conceptacles, 
containing cells with antherozoa, which are motionless, and have received 
the name of spermatia. The spermogones are either in the substance of 
the thallus, orsuperficial, and the spermatiaare discharged through apore. 
Between the upper and lower thalloid layers, green cells, called gonidia 
(Fig. 1020, p. 343) are found. — (Full details are given at page 341). 
Lichens, although growing on the bark of trees, do not destroy plants 
like Fungi. Thus, in the case of the officinal barks, those specimens 
which are covered with healthy Lichens, abound in the peculiar prin- 
ciples which make them valuable as medicines, while those portions 
which are covered by the beautiful Hypochnus rubro-cinctus, and 
other Fungi, are totally worthless, because their tissue has been pene- 
trated and preyed upon by the mycelium. Lichens and Mosses, however, 

Additiomil inm tnaioni of Hepaties :«-'A]iUieri(iia and piitilUdia, Figs. 1008 and 1011, p. 840. 
Ominating ipo(res, Fig. 1906, p. 634. 

Figures 1709 to 1794 illustrate Uie natnral order Idolienes. 

Fig. 1798, Parmtiia, with fraetiftcatkm in the form of nrand i^theda. Fig. 1798. Foitlen ef the 
thaUim a Liehen, shewing a xtmnd apotheehtm. Fig.l794.Tbecaorasoiis,i;ofaLidieB,i!<)artids- 
ing four sporidia ;iMffapl^fsei in the ttam of filaments snrnmnd the theea. 
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LICHBNES— FUKGX. 


may ix^are ihje growtli of trees by closing up the stomata. lichens 
are found in yarious parts of the world. The pulverulent species 
are the first plants which cover the bare rocks of newly-formed islands. 
Species 2400. IlL Cfen, — Pulveraria, Calycium, Opegrapha, Urceo- 
laria, Umbilicaria, Verrucaria, Endocarpon, Sphserophoron, Lecidea, 
Patellaria, Cladonia, Stereocaulon, Parmelia, Sticta, Cetraria, Eoc- 
oella, Eamalina, Evernia, Usnea. 

1552. Many of the Lichens are used for dyeing, others are em- 
ployed as articles of food and medicine. The nature of the dyes 
produced by Lichens has been lately investigated by Dr. Lauder 
Lindsay,* Some Lichens are aromatic, and a fragrant powder called 
Cyprio at Borne is in part made from them. Oxalate of lime exists 
largely in some species, more especially in Variolarias. 

Cetraria islandica, Iceland^mosa (Fig. 75 , p. S2), contains starch, along with a 
bitter principle ; it has been used as a tonic and demulcent C. nivalis is also 
nutritious. 

Cladonia rangiferina (Fig. 1016, p S43) is called Reindeer-moss, on account of sup- 
plying food for that useful animal. 

Gyrophora embraces many dark-coloured Rock-lichens, which have a certain amount 
of nutritious qualities. Franklin and his companions lived on some of the species 
for many weeks in the arctic regions. The plants were denominated Tripe de 
Roche. 

Lecanora tartarea, called in commerce Rock-moss, supplies the dye denominated 
Cudbear. It is used in the form of liquid and of paste. L. Perella has also dye- 
ing properties. L. esculenta and L. aiiinis are used as food ; the former is eaten 
in Tartary and in other countries. 

Lecidea geographica is a green-coloured Lichen which covers mountain rocks, and 
often assumes map-like appearances. L. aromatica is sweet-scented when 
bruised. 

Parmelia parletina yields a crystalline yellow colouring matter, Chrysopbanic 
acid, identical with the yellow colouring matter of Rhubarb root P. fragrans 
gives out a fine odour when moistened. 

Koccolla tinctoria (Fig. 1015, p. 842) is one of the Lichens imported under the name 
of Orchella-weed, firom the Canary and Cape de Yerd islands, the Azores, Ma- 
deira, South America, Barbary, Corsica, and Sardinia. The colouring matter 
is called Archil or Orchil ; it is used for dyeing purple and red. Some have 
supposed that it supplied the purple of ancient Tyre, referred to in Ezek. xxvii. 
7. B. fhciformis is another Orchella-weed imported from Angola, Madagascar, 
Madeira, and South America. R. hypomecha is another dyeing Lichen imported 
from the Cape of Good Hope. Litmus is a dye procured from several spedes of 
Boccdla. 

Stiota pulmonaria Is nutritious, and has been used as an article of diet 

1553. Nat. Ord. 274. — FuNai, the MuBhroom order (Figs. 1795 
to 1797). — Cellular plants, with a spawn, mycelium (Fig, 1795, m), by 
which they are nourished, and which bears organs of fructification of 
various kinds. Spores are produced, which are either naked (Fig. 
1795), or enclosed in thecss (Fig. 1796), There appear to be an- 

* Dr. Lindsiy*s pspers were read to the Edinhurgh Botanical Society, and his otMonratfona are 
partly recorded in the Transactions of tlie Society, aa given in the Annals of Natural History, and in 
the Fhytologist Speolinens of the liehens used for dyeing, and of the dyes which they yield, have 
been prcaeoted hy Dr. Lindsay to the Editihurgh Museom of Eoonomio Botany. 
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theridm ceDs, containing is^rmatoaoida, by the action of which cm 
archcgonial oells germinating chorea am developed. In Agarics (Fig. 
1797), the mycelium bears tubercles enclosed in a volva, which rap- 



Fjg. 1705. Fig. 1797. Fig. 1796. 

tures SO as to allow of the development of the stalked pileus, with its 
lamellae and hymenium. — (Full details are given at page 344). Spe- 
cies between 4000 and 5000, III, Oen, — Agaricus, Boletus, Poly- 
poras, Merulius, Hydnam,Clavaria, Exidia, Tremella, Phallus, Clathrus, 
Lycoperdon, Geaster, Reticularia, Craterium, Nidularia, Stilbospora, 
Torula, Puccinia, Uredo, Uslilago, .^cidium, Ceratium, Aspergillus, 
Botrytis, Morchella, Helve! la, Peziza, Cyttaria, Tuber, Spheeria, Ony- 
gena, Mucor. 

1554, This order contains esculent and poisonous plants ; the genus 
Agaricus, to which the true Mushroom belongs, contains both, and it is 
not easy to give rules for distinguishing the two kinds. In general terms 
it may be said that poisonous Fungi are often highly coloured, are scaly or 
^tted on their surface, have tough or watery flesh, and grow in clusters 
in wet or shady ground ; whereas edible species are rarely highly colour- 
ed, being commonly white or brownish, are seldom scaly or spotted, have 
brittle, not tough or watery flesh, and grow solitary in dry pastures. 
Fungi that are bitter or styptic, and that bum the fauces, or those 
that yield pungent milk, are unsafe. Those whose flesh is livid, and those 
which assume various hues when broken or bruised, are to be avoided. 
Badham says that the immense majority of Fungi are harmless, and that 
innoxious and esculent kinds are the rule, while poisonous are the excep- 
tion. Their qualities seem to depend in part on the mode in which they 


Ffgnm 1796 to 1797 iUoitrate the natural order Fungi. 

« kind of Mould-Fanguiy eonaiating of a myeelfum, w, a aepttato eeUnlar fttalk, 
a, branehea at iho apex and beara naked aporea. Pig. 1796. Vertical aection of the fruetifleatton 
” ihowing a eeUnlar atntuni, e, bearing elavate aad or thecae, t, which contain aporldia, tf ; 

P»^h 7 «ea or abortive fllamenta^p. Fig. 1797. Agariona eampeatria. common Muahroom, cut Torti- 
ouijr. ^oahnm or apawn, mp, volra or wrapper, 9<a, which ia bnrat, atipe or ataUc, pilaaa 
*5 ^ or giOa, lo, with the hjrmenhtm, h, the annnlna «r ring, mi, which ii tlm re- 

wia of the raptured rdnm or vcU. 

^ Fungi .--Speciei erf Uredo, Fnednia, UatUago, and Botrytio, omiaint 
uratoa, Figa. 1801 to 180e^ pp. 687, 668, and 690. Kaked aporea of Ifuahroom, Hg . l^ge^ p. 846. 
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are pfepared for food, and this may aoootint for speoies which are 
eaten in some countries having proved poisonous in others* Bad* 
hAm states that the yearly average of taxed Mushrooms in Borne 
during 10 years (1837 to 1847) was between 60,000 and 80,000 
poun<& weight. Ho says there are 30 esculent species in Britain.* 
Drummond remarks, that few orders of plants appear to contribute 
more to the support of animal life than the Fungi in Western Australia. 
Many species, particularly of the genus Boletus, are used as food by 
the natives, and directly supply no inconsiderable portion of their 
support for several months in the year. He was surprised at the 
large number of Fun^ that were eaten by marsupial animals. They 
often dig up species, being guided to them by smell, and the cracking 
of the ground over them. 

1555. Fungi contain much nitrogen in their composition, and 
they do not appear to give out oxygen gas. They are often de- 
veloped with great rapidity. The spawn spreads under ground, 
or in the interior of living or dead organisms, and when fa- 
vourable circumstances occur, the fructification bursts forth with 
astonishing quickness. Phallus impudicus and Bovista giganteum have 
grown to a great size in a single night (p. 410). The spctres of 
Fungi seem to resist well the action of cold and heat, and to retain 
their vitality frequently for a great length of time (p. 628). Many 
of them are developed on living plants, and cause disease and death 
by their parasitic growth. Some of the species are limited to certain 
kinds of decaying matter. This has been remarked in species of 
Onygena, which have been on that account denominated 0. equina, 
0. felina, and 0. corvina. Moulds are formed by different species of 
Aspergillus (Fig. 1026, p. 346), Penicillium (Fig. 1021, p. 345), 
Botrytis (Fig. 1795), Mucor (Fig. 1029, p. 347), Myxotrichum, 
ChsBtomium, Oidium, Sporocybe, and Cladosporium. Some of them 
are developed in syrup and vinegar. The mycelium of Fungi, in 
certain conditions, seems to form the Vinegar-plant (p. 636), the 
Yeast-plantf (Fig. 1061, p. 360, and Fig. 1080, p. 410), and many of 
the sO-oalled genera Ozonium, Himantia, Fibrillaria, Acrothamnium, 
and Byssocladium. These assume a leathery, gelatinous, fibrous, or 
byssoid appearance. The parasitic Fungi causing smut, mildew, ergot, 
and diy-rot, and those connected with diseases in the Potato and Vine, 

Dr. Badham wu ihodced to* no mmeroiu edible Funguaeo or Toaditools rotting nneared for 
at tbe time <rben fitmine prevailed To aee nniued, pounds innumerable of extempore beefsteaks 
growing on our oaks in the shape of Fistnlina hepatica ; Agaricns fhaipea to pickle, in clusters under 
them } Fuffballs, which some have oompared to Sweet-breed ; Hydna as good as oys^ } Agarions de- 
Uotoans, like tender lamb-kidneys ; excellent yellow Chantarelle ; the sweet nutty-flavoured Boletus in 
vain oaUing himself ednlls when there was none to belteve him ; the dainty Oroella. and the Agaricns 
hetanqphyllua which taste like the Craw-fish when grilled; the Agaricns ruber and virescens to cook 
in i^y way, and equally good in all” The following are the species eaten by Badhem and hii friends 
in Xngland t— A. rubescens^ procerus, prunulua, ruber, heterophyllos, virescens, delidosns, nebuliris, 
perKmatuB, virgineos, fhsipea, oreades, oatreatns, Orcella, eampestris (and var. ednlls and prateniis) 
exquidttts, comatus, and ntaiarinsj Amanita vaginatai Cantbardlns dbariua ; Polyporus frondeana; 
Boletus eduUs and scaber ; Flstiilina hepatica ; Hydnum repandnm ; Helvella lacunoaa ; Pesisa 
Acetabulum and Bovista i^umbesf lyeopendon gemmatum j Clavaxia strSgoaa. 
t The Yeai|*plant is probably a masked form of an Oidium or PenleUUum, 



9UKQI. 


m 


have been notieed at pa^ 685, €$ ieq.* During the progrees of 
diaeaees in man and ammals, especially those of the skin and mucous 
membrane, cellular plants like Fungif are produced (p. 635). Animals 
are also infested with species of Sphseria and BotrytiB which cause 
their death (p. 635). Leidy describes species of Enterobryus, Eocrina, 
Arthromitus, Oladophytum, and Corynooladus, as growing on the 
mucous membranes of living animals.:^ 


Agaiioofl campestris (Fig. 1797) is the comman Mndiroom of Brilalii ; it to distin- 
gnished in part bj its pink gills. A. Georgii is another edible British spades, 
whidi sometimes attains a large size; Withering mentions a specimen weighing 
14 pounds. A. prunulus is said to be the most delidous Hnshroom. It is much 
priiMd on the Continent, but it is totally neglected in Britain. Many species o! 
Agaric^ as A. piperatns, A. rhacodes, and others, are poisonous. Fairy rings (p. 
429) are formed by A. oreades (the English champignon)^ Orcella, Georgii, pmnu- 
Ins, personatus, and campestris. Some of the Agarics are luminoos (p. S76% 

Amanita mnscaria is a poisonous spedes, which produces giddiness and narcotic 
symptoms. When eaten it communicates intoidcating qualities to the nrine. 

Boletus edulis, as its name implies, is an edible speciee. 

Cyttaria Darwinii is a globular bright-ydlow Fungus, which grows on a spedes of 
Beech, and is used as food in Tierra del Fuego. C. Berteroi is a Chilian spedes 
which grows on Fagus obliqua, and is also edible. 

Ezh^ Auricula Judn, Jew'a-ear, has been used for arresting hemorrhage. E. his- 
pidula grows in China on the decaying stems of the Castor-oil plant. It is used 
as an article of food, in aoups and stews, and is employed as a stypUc. under the 
name of M6-ghi, or ears of trees. uwmw 

Horchella escnlento, Morel, on edible Fungus, is imported from Italy in a diy state. 

Penidlllum glaucum is the common Mould developed wherever organic substances 
are in fitting conditions of moisture and temperature. Books are constantly in- 
jured by its growth, on which it produces spots and continuous patches. Various 
spedes of Mould-Fungi are produced on paper, linen, and parchment, in different 
circumstances. The Vinegar-plant (p. 686) seems to be the abnormally deve- 
loped mycelium of P. glaucum, or perhaps P, crustaceum. 

PhaUus impudicus has a most penetrating disagreeable odour. Such is also the case 
with ClathruB cancellatus. 


Poly^rm aqwunoras is stetod by Berkeley to hare grown in three weeks to 7 feet 
6 inches m periphery, and to have weighed 84 lbs. It is cut from the Ash in 
autumn m a consolidated state to make razor strops. After being pressed, mb- 
hed rrith pumice, and sUoed longitndinaUy, the strops ore glued on a wooden 
stretcher. P. betnlinus is also need in a similar way. P. fomentarlns S riie 
80 ^ of the tinder called Amadou, which is used as a styptic and as a mozo. 
Sph^a ^ensis, tae Hia-tsao-tom-chom of the Chinese, is a Fungus parasitic on a 
^ *" China. Its properties imT^siderod 
^ic, like the Gi^g. a Boberteti (Figs. 1028 and 1024, p. 846X S. mUi- 
S. sphwocephala, are also found on caterpilim 
TnW is the ^ns which embraces the various kinds of Truffle, an nndeixroimd 
Fungus, which is scented out by dogs and pigs. Limestone districts are said to 


meuAm ^ wmeto mentioned at this place, It may be noticed, that Dr. Price recom- 

Psntasulphide of Calciom applied in a diluted etote. STte 
^ ^ V? ^ atmoaphere, and thni the sulphur Is deposited so as te^ 
driffld tahtaM ^ ^ Fotato disease Herapath xeoommenda the putttiit of the 

themupluteoriiamrb^ 

+ AftlmwtMs .... * 


+ A VTT "v oua a piaaervanre. 

t l^f!I ** hingM^aie fin» dmeribrii bj Dr. BniMt. 
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be moet tut its growth. T. Mtirtim is oonsumed hi Fnnee, asid to 

this species belong by tax the greater quantity of Truffles, under whatsoever 
name, whidi are sold in the English markets. T. melanosporum is a richly 
soent^ Truffle, common in the Paris market T. dbarium (Fig. 1022, p. 345), 
bnunale, griseum, moschatum, and rnfom, are also used. Tr^es are imported 
from Fntnoe and Italy preserved in oil. The black esculent Truffles are grega- 
rious; th^ are fbuod every year in the same spots, which are hence called 
Truffle-grounds. Their layers are mostly circular. In Britain they are generally 
only a few ounces in weight In Van Diemen^s Land there is a species called 
Native Bread, which sometimes weighs Ibl or IbiL It baa been called Mylitta 
australis, bnt is probably a Tuber. Few Truffles have been fbtmd in America. 
The soil for Truffles is composed of decayed Beech and Oak leaves, materials of 
old ant hills, loamy pasture, ch^k, road-sand, and a small proportion of iron. 
They may be propagated by taldng the plants in their mature state and when 
und^going decomposition, breaking them down, and placing them in proper soil. 

1556. Nat. Ord. 275 . — Chabacejgs, the Chara order (Fig. 1798), 
— Aquatic plants composed of parallel cellular tubes, 
wliich give off whorled branches (Figs. 1054 and 
1055, p, 354), and which are often encrusted with 
carbonate of lime. In their tubes, rotation is observed 
(p. 414). Their reproductive organs consist of glo- 
bules containing antheridian cells with spirilla, and 
spiral nucules (Fig. 1798) containing germinating 
cells or spores. — (Full details are given at page 354). 
Oharas are found submersed in stagnant fresh or salt 
water in various parts of the world. They have a 
fetid odour. In the case of reservoirs of water for the 
supply of towns, it has been foimd that the presence 
of Chara flexilis has been the means of commimicat- 

ing a peculiar fugitive and intermittent odour. Species 35. III. Qen. 
— ilhara, Nitella. 

1557. Nat. Ord. 276 . — Alg.«, the Sea- weed order (Figs. 1799 
to 1805). — Cellular plants found in the sea, in rivers, lakes, marshes, 
and hot-springs, all over the world, consisting of a brown, red, or 
green thallus, sometimes stalked, which bears the organs of ftoictifica- 
tioif (Fig, 1799). These consist of antheridian cells containing 
phytozoa (Figs. 1033 and 1034, p. 349), and of others containing 
germinating spores of different kinds (Fig. 1801). These organs of 
reproduction are often united in the same conceptacle (Fig. 1800). 
In other cases, they are on different parts of the same plant, or even on 
different plants. Thuret has proved, that in dioecious Fuel the anthe- 
ridia are necessary for the impregnation of the archeg<Hiia. The spores 
Bometiines have moving cilia, and are called zoospores (Fig. 1804), 
at other times four are united so as to constitute tetraspores (Fig.1802). 
In some of the filamentous Algse there is a conjugation gf 2 cells, so 
as to produce a spore (Fig. 1803), in others there is a fiissiparons 

Fig. 1798. Ctilalar tobet of Chax«, With vertidllate biandiei, from iitt axil of whidb preoeeda tbo 
nuoula, n, ooiitoiuing agannmating spoi^ while below thebranobea is placed the globule, v, oofUiln* 
ing antheridian oelli and apennatoioids. 

Additional Uluakrntloni of Charaoeei};— Repreduotire organs, Fige. KVU to 1063, p. 868 , and 



Fig. 1798. 




. Fig. 1001. 


Fig. 1800. 


Fig. 1802. 


1558. Species of Algce abound both in salt and fresh water, whether 
running or stagnant, and in mineral springs. Harvey states that 
the strongly impregnated sulphureous streams of Italy,* the eternal 
snows of the Alps and Arctic regions^ and the boiling springs of Ice- 
land, have each their peculiar species. Even chemical solutions, if 
long kept, produce Algos. Very few comparatively inhabit stations 
which are not submerged oi^ exposed to the constant dripping of water ; 
and in all situations where they are found, great dampness at least is 

Figures 1799 to 1805 Ulnstrate the natural order Algie, with its four divisions. 

Fig. 1799. Thallus, t of Fucus restculosus, the oummon Bladder Sea-weed, with air cavities, s 
and masses of conoeptacles constituting the fruotifioation, yr, which Is sometimes called gleba. Fig. 
1800. Transverse section of one of the oonceptaoles oontainlng spores in their ooveringe, p, along 
with paraphyses. The spores escape by an opening, o. Fig. 1801. Ceramldium or fructl^tlon of 
Bonnem^nia asparagoldes, containing pear-shaped germinating spores, which are dlsdiirged by 
an opening the apex the sac. Fig. 1802. Tetraepore, of Calllthamnlon emdatum. Fig. 1802. 
CoitJugatlng filaments of Zygnema, with their uniting tubes, h, endochrome In a aplral form, and oval 
spores. Fig. 1804. Zoospore of Cheetophora, with vibiatile filaments called cilia. Fig. 1806. 
Oiatoma with its frustules separatmg by fiinlparous division. 

Addmonal filuetrationt of Algm .— Unlceltalar Alg®, J-ig. 1089, p. 860 ; Fig. 1040, p. 861. Anthe- 
ridja and filaments, Figs. 1048 and 1049, p. 853. Germinating spores, Figs. 1264 and 1266, p. 634. 


Harvey, Brit. Atgee, Introd. ix. 
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neomBxy to their production. There are three colours in Algse^ 
gmas^green, olivaceous, and red. Grass-green is characteristic chiefly 
of fresh water Algea, and of those in shallow parts of the sea ; oliva- 
oeous-brown or olive-green is almost entirely confined to marine species; 
red is almost exclusively marine, its maximum being in deep water. 
The green species have the simplest structure, and have ciliated spores ; 
the olivaceous are most perfect and compound in the organs of vege- 
tation, and attain the largest size ; while the red are the most beauti- 
ful, and have two kinds of spores. When decaying they undergo 
various changes of colour. Some Sea- weeds are microscopic^ others 
growing in the depths of the Pacific have trunks exceeding in length 
those of the tallest forest trees, and fronds rivalling the leaves of 
the Palm. Some have fronds formed of delicate perforated net-work, 
resembling fine lace or the skeletons of leaves. D^Urvillasa utilis and 
Lessonia fiiscescens are thick-stemmed species, in which the cellular 
tissue is arranged in the form of concentric circles. Many of the lower 
Algas approach nearly to some of the lowest animal forms, and it is 
difficult to form a line of demarcation. Species of Navicula, Pleuro- 
sigma, and other allied forms, are placed % some among Diatoms, by 
others among animals. Williamson, Cohn, Busk, and others, have 
examined the structure and development of Volvox globator, V. 
aureus, V. stellatus, and Sphcerosira Volvox of Ehrenberg, and they 
look upon them as truly vegetable. They are plants in the homologies 
of their structure, in their chemical composition, and apparently in their 
cellular tissue. On testing them with iodine and sulphuric acid, cellu- 
lose and starch are detected. The analogies of their development with 
that of Protococcus nivalis and P. viridis (Figs. 1062 and 1063, p. 
360) are very strong, as also with the supposed animalcules called Eu- 
glena viridis. It seems probable that the whole of the Monadinee, the 
Cryptomonadinas, and the Volvocinae of Ehrenberg, belong to the 
vegetable rather than to the animal kingdom. Peculiar forms are 
met with in diseased states of the stomach and bladder, which are 
referred to Diatoms; one of them is called Sarcinula ventriculi. 
Achlya prolifera is sometimes produced on the gills of gold fishes, 
and other animals in a state of disease. » 

1559. The order has been divided in the following manner: — 
Sub-order 1. Melanospermeas or Fucacese, brown-coloured Sea- weeds 
(Fig. 1799) ; Marine plants of an olive-green or olive-brown colour, 
consisting of multicellidar fronds, wbicb assume a thalloid or a filamen* 
tons form ; fructification consisting of conceptacles (Fig. 1800, and Fig. 
1047, p, 352), containing archegonial and antheridian cells, the latter 
containing ph^zoa (Fig. 1050, p. 353), the former being developed as 
germinating spores (Fig. 1267, p. 636). lU. Oen. — Pucus, Himan- 
^alia, DTn^asa, Halidrys, Cystoseira, Sargassum, Demarestia, 
Alaria, Laminaria, Lessonia, Padina, Dictyosipbon, Cladostepbus, 
Chordaria. Sub-order 2. Bh<^ 06 perme«e or Ceiamiaceie, rose-colpuied 
Sea- weeds ; Marine plants of a rose-red, purple, or red-l»own colour. 
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leafy) eylindrical or filiunentoos ; fnK3<ifioatao& oonsisting of concep* 
tades containing spores (Fig. 1801, and Fig, 1044, p. 852), and 
clavate filaments oonddered as antheridia. The spores are arranged 
often in fours, and are called tetraspores (Fig, 1802). HI Oen , — 
Callithhmnion, ^riffithsia, Ceramium, Ptilota, Iridsea, Phyllophora, 
Chondms, Laurenoia, Dasya, Pofysiphonia, Bhodomela, Corallina, 
Ehodymenia, Plooamium, Delesseria. Sub-order 3.. Chlorofq[>ermeae, 
or Confervaoess, green-coloured Sea- weeds (Fig. 1037, p. 350) ; uni- 
cellular (Fig, 1062, p. 360), or multicellular (Fig. 1942, p. 351), 
marine or firesh-water plants ; the cells contain a green (rarely purple 
or red) endochromej reproduction effected by conjugation of cells 
(Fig. 1803, and Fig. 1043, p. 352) j zoospores (Fig. 1804, and Fig. 
1038, p, 350), often produced. IlL Gen. — Ulva, Caulerpa, Porphyra, 
Chffitopbora, Achlya, Conferva, Zygnema, Vaucberia, Oscillatoria, 
Eivularia, Nostoc, Palmella, Protococcus. Sub-order 4, Diatomacees, 
Brittleworts (Fig. 1805) ; plant a fhistule, consisting of a unilocular 
or a septate cell ; cells composed of 2 symmetrical valves ; gemmi- 
parous increase by self-division (Fig. 1805) ; reproduction by conjuga- 
tion and the formation of sporangia. There are 2 distinct sections : 
a. Diatomc® ; invested with a siliceous epidermal covering, and found 
both in salt and fresh water.* Ill Gen.— Eunotia, Cymbella, Cocco- 
neis, Coscinodiscus, Actinocyclus, Arachnoidiscus, Campylodiscus, 
Nitzschia, Navicula, Pleurosigma, Cocconema, Gomphonema, Licmo- 
phora, Meridion, Fragilaria, Achnanthes, Diatoma, Isthmia, Melosira, 
Mastogloia, Dickieia, Schizonema, Homccocladia. b. Desmidiescj minute 
fresh-water plants of a grcen colour, without a siliceous epidennis.'f 
III Gen.— Desmidium, Micrasterias, Euastrum, Cosmarium, Xanthi- 
dium, Staurastrum, Tetmemorus, Closteiium, Pediastrum. Agardh 
divides AIgse into Fuooide®, corresponding to Melanospermete of Har- 
vey, Floridese equivalent to Rhodosponnese, and Zoospermere corres- 
ponding to Chlorospermese. The primary divisions into orders he 
bases on the structure and development of the spoiiferous nucleue4 
1560. Many of the AIgse supply nutritious matter, and are used 
M food. Among them may be noticed species of Ehodymenia (Dulse), 
Bphswotwcus, Alaria, Iridsea,* Laminaria, Poiphyra, Ulva (Laver), 
and Gehdium. The edible nests formed by swallows in China have 
been supposed to be made of portions of gelatfaious Sea-weeds. 

give. . green celour to some 
to iMtmd, .leo to the Serpentine and to Loobmaben Lodi. 

Ch^e (SphOT^na) criepus, and C. manunmoena, recdve the name of Carra- 
g^« Inah Moat TMr fironda conalat to great part of a aubstance aomewhat 
rtM to lurch, which b extracted by boiling in water. On cooling it fonni a 

nature of their eiliceooa covering has aerved to per- 
pduate Diatoma in nnm eroualocalitlet Myriada of the exuvin at theao 

I • Siaitli, Sntifh nutomaceiE t Briik, Britiah Dcnanile, 

t Agnrdh, Speeidi, Genera et Ordmei Algarnm 
3 R 
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occur in the form of exteneive d^Meits in yarions parts of the world. It is satd 
that the dty of Bichmond, in Yirginia, is built on a stratum of Diatcnnaoeous 
remains 18 foet in thickness. Extensire tracts in arctic and antarctic regions 
are covered with similar relics of a former vegetation. Diatomaceons deposits 
have been fonnd in Britain at Peterhead^ Premnayi Dolgeily, Lough Houme^ 
Lough Island-Heavey, Harh Raasay, Cantyre, and the isl^d of Mult; in the 
last-mentioned deposit Dr. Gregory has detected 150 species. Diatoms are also 
met with in Guano. The whitish powdery substance known by the name of 
Mountain Meal or Berg-mehl in Sweden, is composed of fossil Diatomacen. Dr. 
Hooker found Diatomacesa discolouring the seas of the South Pole, and he also 
detected them in the lava of the volcanic mountain Victoria. They are sometimes 
carried in the form of small dust into the atmosphere. Campylodiscus Clypeus 
was found at Grahams-land in mud from 270 fathoms. Beds of peat often con- 
tain myriads of Diatoms. The mud at the months of many rivers is made 
up in a great measure of these organisms. The same species are found in very 
widely separated localities. The beautiful marking on some Diatoms render 
them excellent test objects for microscopes. On species of Kitzschia, Navicola 
and Pleurosignm, there are both longitudinal and transverse markings— the latter 
being the dner. The distance between them is often 1-80, 000th or t-40, 000th of 
an inch, and some are even said to be 1-100, 000th and 1-180, 000th of an inch 
separate ; and it is said that the latter markings have only been seen with a 
l-12th objective, and by means of oblique light. 

D’UrviUiea utilis is used for food on the coast of Chili. 

Fucus nodosus and F. vesiculosus (Fig. 1799), when fermenting at a temperature of 
90^-96° F., yield acetic acid. The air bladders of the latter plant vary in form 
and appearance according as it grows in the sea or in brackish water. 

Gigartlna speciosa is used for jelly by the colonists of Swan River. 

Gracilaria lichenoides is the Ceylon-moss of the East, and is used in soups and jel- 
lies. G. spinoaa is the Agar-Agar or Agal-Agal of the Chinese, which is also an 
article of diet. G. Helminthocorton is the Corsican-moss, used as a vermifuge. 
It is often mixed with other Sea-weeds, such as Laurencia obtnsa. G. tenax is 
used in China for glue and varnish. 

Laminaria saccharina yields upwards of 12 per cent, of Mannite. This substance is 
also procured from L. digitata, Alaria esculenta, and other Sea-weeds, which fur- 
nish five to six per cent L. potatorum is used as food in Australia. 

Nostoc edule is employed in China as an article of diet An edible Nostoc, perhaps 
a variety of N. commune, is used in arctic regions as food. A similar Nostoc is 
fonnd on the mountains of central Asia. 

Porphyra vulgaris and P. laciniata are collected on the rocky shores of Europe, and 
by boiling are reduced to a dark-brown semifluid mass, which is eaten with 
lemon-jifloe or vinegar, under the name of marine sauce or Slouk or Slowcan. 

Protococcus nivalis (Fig. 1062, p. 860) helps to give a red colour to snow, and P. 
viridis (Fig. 1068, p. 860) a green colour. P. atlanticns imparts a red colour 
to the waters of the Atlantic in some places. 

Bhodymenia palmata is the Dulse of the Scotch, the Dillesk of the Irish, which is 
us^ occasionally as food by poor people. 

Sargassmn bacoiferum constitutes the Gidf-weed, which has been noticed by all who 
have crossed the Atlantic. The Gulf-weed has never been found attached, but 
always floating. In that state it is healthy, putting out new fronds, but never 
ihov^ frnctiflcation. Harvey conjectures, that it may be a pelagic variety of 
Sargassum vulgare, in the same way as the variety subecostatus of Fnous vesicu- 
losuB has never been found attached, but growing in salt marshes ; so also Fucns 
Mackaii, which has never been found attached, and which may be a form of 
Fucns nodosus, growing on muddy shores. 

Tiichodesmium erjihrmnm is said to help in giving a red colour to the waters of the 
Bed Sea. 
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1561* Analysis of the Aootyledonons natural orders, with referenoes 
to the number of the orders in the preceding pages* 

I. ACROQENS. 

I, Axis of growth elongated, bearing leases or green branches. 


Spom provided with eUters, or with davate filaments. 

Sporangia opening by four valves Hepatiese^ 272* 

Sporangia ejected in cone*like heads, and opening by a 

longitudinal fissure Equisetaoen, 270. 

Spores without elaters or clavate filaments. 

Sporangia ^lolosed in a 2 or 4-valved Involucre or sporocarp. 

Sperocarps at the base of the leaves or lea&talks MarsUeaceie, 268. 

Sporangia not enclosed in sporocarps. 

Sporangia on the back or margin of the fironds Filices, 267. 

Sporangia distinct fiom the fironds or leaves. 

Sessile in the axil of leaves Lycopodiaoeas, 2^. 

Stalked Miisci,27l. 

2. Axis of growth not distinct, no true leaves. 

Spores with or without elaters Hepation^ 272. 


II. THALLOGEN8. 


Plants with a myoelinm or spawn Fungi, 274. 

Plants without a mycelium. 

Terrestrial Lichenes, 278. 

Aquatic. 

Germinating bodies in spiral nucules Characeie, 275. 

Germinating bodies in non-spiral cells Algs^ 276. 


The Monochlamydeous orders RaffiesiaoeaB, Cytinace8B,and Balanophoraceaa, included 
by Lindley in his class of Hhiaogens or Rhizanths, have an aootyledonoos em- 
bryo. Triuridacesa among Endogens appear to have a similar embryo. Some 
leafless Exogens, such as Guscuta, have no cotyledons in the embryo.* 


* Forftdl details In regard to the claitifieation, the cluuracten, affinities, and properties of the 
natnral orto, the atndent should conaolt Lindley *b Vegetable Kmgdom, 8d Edition. For the cha- 
ractera of Gen^ Endhcher*8 Ge^ ^ conwlted ; and for the characters of species, 

Ennmo»tio Plantunm. The natnnl otden, nil qwdn 

T T f m " '^ *** Aniott’i Brituh non, ml in Biblngton'i Uuiul of 




PART IV. 


GEOGRAPHICAL BOTANY, 

OE IHB GE08BAPHICAL DISIEIBOTION OF PLAKIS. 

1562. This department of Botany is one of vast extent and im^ 
portance, and the consideration of it would require much more space 
than can be allotted to it in the present work. All that we can 
attempt to do is to give some general facts regarding the distribution 
of plants over the globe, and to point out some of the causes which 
regulate this distribution. 

1563. The nature of the vegetation covering the earth varies ac- 
cording to climate and locality. Plants are fitted for difibrent kinds 
of soil, as well as for different amounts of temperature, light, and 
moisture. From the Poles to the Equator there is a constant varia- 
tion in the nature of the Flora. Between the Lichens and Mosses of 
the Arctic and Antarctic regions, and the Palms, Bananas, and Orohid^t 
of the Tropics, there is a series of regulated changes in the number 
and forms of the members of the vegetable kingdom. The same 
thing is observed in the vegetation of lofty mountains at the Equator, 
in descending from their summit to their base. There are a few spots 
in which no vegetation whatever can be detected. Among such bar- 
ren districts may be mentioned the hot, sandy deserts of Africa, and 
some of the Antarctic Islands. Dr. Hooker states, that in Franklin 
Island, lat. 76°.8 S., long. 168"’.12 E., he could not perceive the 
smallest trace of vegetation, not even a Lichen or piece of Sea- weed 
growing on the roc^ In some inhospitable cold regions the .vegeta- 
tion is very scanty, and consists chiefiy of Cryptogamics. On Decep- 
tion Idand Hooker found only Lichens, and no grass ; on Cockbum 
Island, he saw Lecanoras, Lecideas, and five Mosses. This seems to 
be the limit of land vegetation in the south. In northern regions 
vegetation approaches nearer the pole than in southern ones. In 
Walden Island in lat. N., ten species of flowering plants have 
been enumerate ; while in tiie southernmost isles of the Soutli 
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Shetlands, in lat. 63° S., only a solitary grass has been found. 
A few q>ecies of Ranunculus and along with a small 

number of Cruciferee, Oompositae, and Grasses, constitute the chief 
Phanerogamous Flora of Melville Island. The only woody species 
in Spitzbergen and its vicinity are Salix arctica and S. polaris. As 
we proceed from the Poles to the Equator, vegetation increases in 
amount and in variety. From a region characterized by the presence 
of Lichens, Mosses, Saxifrages, and Gentians, we come to that of Cm- 
cifersB and Umbelliferie ; we then reach the grassy pasture, and the 
Coniferous and Amentiferous trees of temperate regions ; and passing 
through the districts of the Vine, the Orange, and the dwarf Palm, 
to those of the Date, Coffee, Cotton, Sugar-cane, and Pine-apple, we 
arrive at the luxuriant vegetation of Equatorial regions. In this pro- 
gress, as Humboldt remarks, we find organic life and vigour gradually 
augmenting with the increase of temperature. The number of species 
increases as we approach the Equator, and decreases as we retire &om 
it. Each zone, however, has its own peculiar features. The Tropics 
have their variety and grandeur of vegetable forms, while the North 
has its meadows and green pastures, and the periodical awaking of 
nature in Spring. 


L— INFLUENCE OF CLIMATE, MORE ESPECIALLY OF 
TEMPERATURE AND MOISTURE, ON THE DISTRIBU- 
TION OF PLANTS. 

1564. In determining the effects of climate on vegetation, our 
attention is chiefly directed to temperature and moisture, — to the 
daily, monthly, and annual distribution of heat, and to the amount of 
rain. We must also take into account light, the nature of the plant, 
its exposure, and many other causes, the effects of which are by 
no means easily estimated. They operate, however, usually within 
narrow limits, heat and moisture being the general agents. While in 
a given place the quantity of heat received varies according to different 
circumstances, it is found that the mean is pretty uniform. The quan- 
tity of heat is modified by winds and moisture. In China, for instance, 
the north-east monsoon causes a great depression of temperature. 
The general preponderance of moist warm winds over dry cold ones 
is the reason why mild winters are more firequent in Europe than 
severe ones. Mountain chains, by intercepting winds, often produce a 
marked effect on climate. The effect of the sea in modifying the 
temperature is seen in insular climates, which are more equable than 
those of vast continents. Marine currents have also a decided influence 
on temperature. Thus the gtdf-stream in the Northern Atlantic 
Ocean carries warm water towards the Arctic regions, and materially 
Affects the temperature of the coasts around which it flows ; while the 
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PeniTiaii coast cnirent, by bringing water from the antsroric 
regions towards the Equator, also modifies temperat^. 

1565. The temperatnre of the globe vanes both as regai^ lati- 
tude and altitude, and vegetation at iho same time undergoes chimges. 
Latitudinally the globe, as regards temperature, may m a 
be divided into a tropical region, extendmg from the 
23“ 28' ; a sub-tropical, as far as 40“ ; a temperate from W to 60 , 
and a odd rerion beyond 60“. Dove, in his acMunt of the distebu- 
tion of heat over the globe, arrives at the following conclusioi^ 
The decrease of temperature in advancing from the Equator towards 
the Pole is least near the Equator, and becomes progressively 
to about 45® of latitude. The temperature of the Equator is 79 .8, 
that of the Pole 2®.2, the difference on the mean of the year being, 
therefore, 77®.6. The difference of temperature between the Equator 
and the Pole is 48® in July, and 106® in January. The temperature 
of the Pole rises in July to 30®. 6 F., and in January sinks to 26®.6. 
From the Pole to the latitude of 40®, July is the warmest month. 
In lat. 30®, August is the wannest ; and in lat. 20®, July and August 
are alike. In lat. 10®, May is the warmest month. ^ At the Equator, 
the maxima are in April and November, and the minima in July and 
at the end of December. From 60® to 80®, the decrease of tempera- 
ture is found by the following formula (in which denotes the mean 
temp, of the year according to Fahrenheit in the latitude x),, tfg = 
+ 3®.65 + 105®.75 cos.%. The warmest parallel is not exactly at 
the Equator ; in the northern hemisphere, the parallel of 10® is slightly 
warmer than the Equator. Up to 40° south latitude, the temperature 
of the southern hemisphere is lower than that of the northern. 

1566. In a hypsometrioal or altitudinal point of view, different 
zones of temperature are recognised, corresponding more or less with 
those of latitude. On an average, it may be said, that there is a dif- 
ference of 1® of Fahrenheit for every 300 or 400 feet of ascent, and a 
difference of 1® of the thermometer in the boiling point of water for 
every 550 feet of ascent. The following is a general view of the 
hypsometrical decrease in temperature. 


Hel0it above the 
Level of Sea. 

Cordilleras of the 
Andes, 100 N.tolOoS. 

Monntains of Mexico, 
170 to Slo H.L. 

Monntelns of Europe, 
460 to 470 N.L. 

0 

3,197 feet 
6,394 feet 
9,591 feet 
12,789 feet 
15,985 feet 

Mean Ann. Temp. 

81®.6 P. 
71«.24 

64^4 

67^.74 

44®.6 

37®.7 

Mean Ann. Temp. 

78“.80 P. 

67® .64 

64® .4 

67°.2 

46.®6 

33°.8 

Mean Ann. Temp. 

53®.6 F. 

41®. 

3]®.64 

23®.d6 


* on Diftribstion of Heat on the Sor&ee of the Globe, printed by the Brlttfh AMoelatkm, 
1868 . 
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The he^t of the snow line at the Equator is upwards of 15,000 feet 
above the level of the sea. At lat. 40*^, it is ab^t 9000 feet ; at lat. 
55% about 5000 feet ; in lat. 80^, about 450« The snow line, or 
the edge of the belt of perpetual snow, on the southern face of 
Himalaya, is at 15,500 feet ; while on the northern face it reaches 
18,500 feet. On Cotopaxi the limit of the snow line is about 15,735 
feet ; on Chimborazo, 15,320 ; on Ararat, 13,441 ; on the Caucasus, 
10,602 ; on the Pyrenees, about 8,680 ; on the Appenines, about 9,231 ; 
on the Alps, about 8,600 | on Norway, lat. 62®, 5,120 j in Iceland, 
lat. 63^®, 2,642 ; at Hammerfest, lat. 70®, 2,585 ; and at the North 
Cape, 2,275. 

1567. Each species of plants can bear a definite range of tempera- 
ture. A certain amount of heat is also required during a given period 
of time, in order that a plant may be enabled to perform all its func- 
tions properly. Although a plant may continue to live in a certain 
climate, it may not thrive. The only true indication of climatal 
adaptation is, that the plant can perfect its seed and produce its various 
secretions (page 683). The latitude of a place does not at once tell the 
range of temperature. Many places in the same parallel of latitude 
differ widely in this respect. Lines, called Isothermal, have been 
drawn through places in which the mean annual temperature is the 
same, and it is found that while at the Equator these correspond nearly 
with the lines of latitude, as we recede firom the Equator the two are 
widely separated. Yearly isotherms run in curves, rising in their 
course from the east of America towards the west of Europe, and sink- 
ing towards the south in the interior of the continent. The yearly 
isotherm of 50® passes through latitude 42®. 30 in the east of America, 
51°.30 in England, 47®.30 in Hungary, and 40® in eastern Asia. The 
want of conformity between the isothermal and latitudinal lines will 
be easily understo^, when we consider that a place having a moderate 
summer and winter temperature may have the same Annual mean as 
one having a very cold winter and a very warm summer. The vege- 
tation in such districts would, however, be very different, and thus the 
annual isotherms are not sufficient for the purposes of botanical geo- 
graphy. Plants which stand the winter of London will not withstand 
the cold of places in Hungary in the same annual isotherm. In esti- 
mating, therefore, the effect of different climates on vegetation, atten- 
tion must be paid also to the summer and winter heat. Lines passing 
through places with an equal mean summer heat are called Isotheral, 
while those indicating an equal mean winter temperature are called 
Isocheimal or Isocheiminal. The latter in continents bend consider- 
ably towards the south, while the former bend towards the north, but 
approach nearer the parallels of latitude in the interior of continents. 
I^me plants require a long period of wmter repose and a few weeks 
only of warm and continued summer; others demand a dry season 
succeeded by a moist one. Some require a hot summer after an 
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extremely oold winter of moderate duration ; others succeed in a cli- 
mate where tihe temperature of both seasons is moderate* 

1668. In determining the limits of distribution in the vegetable 
kingdom^ we must know the mean monthly and the mean daily tempera- 
ture during those periods when vegetation is active. We must ascertain 
the number of days which a plant requires to produce successively its 
leaves, flowers, and fruit, and we must estimate the mean temperature 
during that period. The conditions which define the limits of a plant 
require that we should know at what degree of temperature its vegeta- 
tion begins and ends, and further, the sum of the mean temperatures dur- 
ing that time. Adanson first stated, that by adding tbe mean tempe- 
rature of each day from the commencement of the year, it was found 
that when the sum reached a certain figure the same phenomena of 
vegetation were exhibited, such as leafing and flowering. Boussin- 
gault afterwards promulgated the statement, that if we multiply the 
number of days (the length of time the culture of a summer plant 
endures) by the mean temperature of this time, the product will be the 
same in all countiies and in all years. Thus if a plant, he says, has 
taken 20 days to ripen its seeds from the period of flowering, and the 
mean temperature during these 20 days has been 50°, it will be found 
that the heat received by the plant has been 1000°. The same sum 
may be ^ven by a greater amount of heat during a smaller number of 
days, Lucas says that at Amstadt, wliich is 897.4 French feet above 
the level of the sea, and has a mean temperature of 46°,6 F., winter 
Rye requires an average temperature of 48°.l F. during 105 days, in 
all 5048°, to bring it into flower ; from the flowering to the ripening 
53 days, with a mean temperature of 63°.4, in all 3360°.2 ; altogether 
the duration of the vegetation of Bye amounts to 158 days, with a 
mean temperature of 53°, the sum of this being 8466°.9. Again, win- 
ter Wheat requires for flowering 129 days, with a mean temperature 
of 50°.6, in all 6527 °.4 ; from flowering to ripening 53 days, with a 
mean temperature of 63°, in all 3339°. The total duration of the 
vegetation of Wheat is thus 182 days at Arnstadt, with a mean tem- 
perature of 64°, which makes a total of 9828°. Wheat requires a 
higher mean temperature than Rye to bring it into flower ; it there- 
fore blos^ms on an averse 24 days later, and consumes 6527°.4 of 
heat, while Rye only requires 5048°, From the flowering to the ma- 
turation, Wheat and Rye require nearly the same length of time and 
the same amount of heat.* Boussingault’s law has been somewhat 
modified by Alphonse De Candolle, who has pointed out many sources 
of error to be avoided. It is difficult to fix the time which is to be 
taken into account ; the temperature of the soil requires to be attended 
to ; low temperatures, and especially all below 32°, which do not excite 
the phenomena of vegetable life, should be left out of the calculation ; 
and the thermometric measurements should be made by observations 


* BoUiiieobe Ztitmtg, 1849. Bot. Gawtte, i. ITS 
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on the {dants tkemBelves, and not merely on the air. % attention to 
these points, he thinks that useful and accurate conclusions may ulti- 
mately be arrived at relative to the temperature required for the per- 
formance of vegetable functions. 

1569. Light and heat are so intimately connected, and so generally 
accompany each other, that the laws of the one are very nearly those 
of the other. Both of them are of the utmost importance in vegeta- 
tion. Light is concerned in the various functions of plants. The 
physiological action of the leaves cannot go on without it, and the 
activity of vegetable life is in no small degree dependent on it. Some 
plants require full exposure to light, others luxuriate in the shade. 
The difference of the intensity of light in different countries influences 
the secretions of plants, and has a certain effect on the nature of the 
vegetation. While the chemical constitution of the atmosphere is 
nearly the same every where, its density varies much. This depends 
both on elevation and on the matters which may be suspended in it. 
It is probable that the varying density of the atmosphere at different 
elevations produces little or no effects in comparison with those which 
result from the modifications which the temperature, light, and humi- 
dity of the air undergo. Humboldt is disposed to think that diminished 
atmospheric pressure has an influence on vegetation. Dr. Hooker, how- 
ever, has not been able to verify this on the Himalaya. A comparison 
of arctic vegetation with that of elevations of 17,000 feet, where 15 
inches of pressure were removed, showed no difference in the habits 
and characters of such plants as were common to both regions. It does 
not induce any peculiarity of vegetation, for the alpine floras, both of 
India and America, are truly arctic ones. Cardamine hirsuta, Cap- 
sella Bursa-pastoris, and other Plain-plants of the cold weather in 
India, Hooker remarks, are identical with the same species of the 
alpine summer. The variation, therefore, due to elevation would not 
appear to depend on laws of diminished pressure. The presence of 
s^ine or extraneous gaseous matters in the atmosphere, in certain 
localities, will affect vegetation. 

1570. Moisture is an agent which exerts a powerfiil influence on 
the distribution of plants. Vegetation developes itself only when 
moisture is present. Very dry regions are deficient in vegetable pro- 
ductions, while the luxuriance of tropical vegetation is connected ^th 
great heat and moisture. Plants differ in regard to the quantity of 
moisture they require. Some are of a loose, spongy texture, with 
large, soft leaves, little or no pubescence, and many stomata, and 
demand a great deal of water. Others, growing in sandy, dry ritua- 
tions, where little rain falls, are firm and succulent, and often have 
long hairs and few stomata. The hard dry texture of the leaves of 
BanWas and other Australian plants, seems to be connected with the 
small amount of moisture in the atmosphere. Forests have a marked 
effect on the humidity of climates, and the felling of them has often been 
productive of very injurious consequences, by diminishing the quantity 
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of water (page 462). In warm climates^ the dry season may be said 
to correspond to onr winter in its effects on vegetation. In some 
parts of Sonth America, where no rain Mh for many months of the 
year, the leaves during the dry season fall, bnds are developed in 
their axils, and it is only when the wet season arrives that the trees 
become clothed with verdure, and the herbage appears. As regards 
rains, Schonw divides Ainca and Europe, from the Equator to 60°, 
into — 1. The zone of summer rains, extending &om the Equator to 16° 
N. lat. 2. The rainless or desert zone, from 15° to 60° N. lat. 
3. The zone of winter rains, includmg the north of Africa mxd the 
south of Europe, between 30° and 45° N. lat. 4. The zone of con- 
stant rains — that is, rains (including snow) in all seasons. The 
absence of rain seems occasionally to retard the period of flowering. 
Thus Ball states, that on the borders of the Tagus, in a dry season, 
be found the Calluna vulgaris growing on bare granite, and just 
coming into full flower, about two months later than it did in Scot- 
land, which was 18° farther north. 


IL— INFLUENCE OF SOILS ON THE DISTRIBUTION OF 

PLANTS. 

1571. Soils, or the media in which the roots of plants grow, regu- 
late to a certain degree their distribution. In estimating this influence 
we must take into account the geognostic nature of the soil, its state of 
aggregation, its temperature, moisture, and exposure, ^me plants 
are terrestrial, others aquatic ; some grow suspended in the air, others 
are parasitic. The effects produced by ordinary soils depend perhaps 
more on their mechanical nature than on their chemical composition. 
Hard, undecomposed felspar will bear a scanty vegetation, but when 
disintegrated and loose it affords abundant nourishment. The vegeta- 
tion of limestone and trap rocks is more luxuriant than that of sandy 
soils* The moisture retained by aluminous soils is much greater than 
that by sfliceous soils, ^he latter support plants with long branching 
roots, while the former are adapted for plants whose roots do not pene- 
trate deeply. Thurmann endeavours to show, that there exist appre- 
ciable relations between the distribution of species and the subjacent 
roc^ ; and that these relations are owing more to the physical pro- 
perties of the rocks, than to their composition. He divides rocks, as 
regards vegetation, into eugeogenous, which are easily disintegrated, 
and flinch an abundant detritus ; and dysgeogenous, which are not 
easily disintegrated, and yield only a scanty detritus. 

1572. In [faking of the Lycian Flora, Forbes remarks “ At 
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almost aaiy distance we could distinguish the serpentine from the 
limestmie country, not merely from the peculiar bossy character, auld 
the pink colour of the tints of the former, contrasting strongly with 
the abrupt and broken escarfHuents, and grey and yellow rocks of the 
latter, but also from the cQsposition of the arborescent vegetation. 
On the serpentine, usually Pines only grew, and never in thick forest 
masses, but scattered as it were individually, and as if they had been 
planted in a quincunx arrangement ; while the limestone was wooded, 
and in many parts it bore great forests ; thick clustered oaks covered 
a luxuriant underwood, interrupted by groves of Strawberry-trees, and 
by clumps of lofty Pines. High in the mountains the Pines prevailed 
over the Oaks, and higher still the Cedar-junipers (J. excelsa) replaced 
them. This difference between limestone and serpentine was seen 
equally in the yailahs (high-grounds) and among the high mountains, 
and in the low country near the sea. In the latter we found serpen- 
tine marked by Senecio squalidus, a little Erophila, and Cheilanthes 
odora ; on limestone, Acrostichum lanuginosum was the conspicuous 
Fern.'' * He also remarked that the Anemones on the tertiary rocks 
were mostly red, those on the Scaglia or the secondary cretaceous 
limestone, were oftener blue and purple. Many plants seem to thrive 
best on chalky soils, others on siliceous, argillaceous, or peaty soils. 
Certain species grow only on soils impregnated with saline matters ; 
others require to be within the influence of the sea. Parasitic plants 
are often confined to peculiar species of plants. 

1573. Plants, in reference to the physical localities or stations in 
which they grow, have been divided into terrestrial, aquatic, marshy, 
epiphytic, and parasitic. Among terrestrial plants, the nature of the 
soil in which they grow gives rise to various groups. Arenaceous or 
sand plants have a peculiar character in all parts of the world, and 
the greater number are probably grasses. On our shores, Carex 
arenaria (Fig. 157, p. 66), Psamma arenaria, Elymus arenarius, and 
Triticum junceum, bind the loose sand by their creeping stems. 
Sedum acre, Plantago arenaria, and many species of Cerastium, Tus- 
silago, and Potentilla, grow in similar localities. Calcareous or chalk 
plants are found on limestone rocks. Many Orchids belong to this 
division, especially species of Ophrys (Fig. 136, p. 56), and Cypri- 
pedium. Teucrium montanum, Clematis Vitalba, and Onobrychis sativa, 
are also recorded as calcareous plants. Salii^ plants are those found 
in maritime situations, or near salt lakes, and which seem to require 
much soda in their composition, and which have been called Halophytes. 
Among them are species of Salsola, Salicomia, Armeria, Statice, Sa- 
molus, and Glaux. Eupestral and mural plants are those found on 
rocks and walls, such as species of Saxifrage, Sedum, Draba, Sisym- 
brium, Parietaria, Linaria Cymbalaria, Asplenium Buta-muraria!, A. 
Trichomanes, Lichens, and Mosses. Some also grow on the ruins of 
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old buildings, and on rubbish-heaps, &c., near the habitations of man 
and animals. 'Among these are included Nettles, Docks, Hyoroyamus, 
yi^.Tit1imTnj »nil Scmpervivum tectorum. Plants which grow in culti- 
vated grounds, as in fields and gardens, may be said to form a special 
division. Among them may be noticed Centaurea Cyanus (Pig. 892, 
p. 163), Lychnis Githago, Speigula arvensis, Sinapis arvensis, Lolium 
temulentum, Stellaria media, Lamium amplexicaule, L. intermedium, 
Chenopodium album, species of Veronica and Euphorbia* 

1574. Plants of uncultivated ground are : — Meadow and Pas- 
ture plants, such as Grasses, Trefoils, Clovers, species of Ranun- 
culus, Veronica, Campanula, Galium, and Myosotis, Beilis perennis, 
Xiotos oomiculatus, Pimpinella Saxifrage, Gentiana campestris: Heath 
plants, such as Cdluna vulgaris, the species of Erica, Juniperus com- 
munis, species of Ledum, Andromeda, and Polytrichum: Forest-plants, 
growing in woods, such as the different kinds of trees forming Pineta, 
Fageta, Querceta, Palmeta, Oliveta, according as these are composed 
of species of Pinus, Fagus, Quercus, Palms or Olives; and the 
plants which grow under their shade, as Oxalis Acetosella, Trientalis 
europtea, Linnssa borealis, Geum rivals, Hepatica triloba, Vaccinium 
Myrtillus, and species of Orchis: Bush-plants, or those growing in bushy 
places, as Origanum vulgare, Corydalis bulbosa, Vincetoxicum offici- 
nale : Mountain-plants, which vary much according to elevation, and 
which include species of Saxifraga, Gentiana, Primula, Rhododen- 
dron, Salix, Cyperaceae, Juncacece, Labiates, &o. : Hedge plants, such 
as Hawthorn and Sweet-briar, and the plants which twine among their 
branches, as Lonicera, Humulus, Bryonia, Tamus, Clematis, Lathyrus, 
as well the species of Viola, Adoxa, and Oxalis, which grow at their 
roots. 

1575. Aquatic plants may either grow in salt or in fresh water. 
Among the former are marine species, such as the common species of 
Fucus, and other Sea-weeds which grow buried in the ocean, and the 
Sargassum, or Gulf- weed, which floats on its surface ; with them may 
be included such Phanerogamous plants as Zostcra. Among the latter 
are some which root in the mud, and flower above the water, as spe- 
cies of Nymphasa (Fig. 1363, p. 754), Nuphar, Potamogeton, Ranun- 
culus, TJMcularia, Sagittaria ; others flower under water, as Subularia 
aquatica ; while others float in the water, as species of Lcmna (Fig, 
117, p, 51), Pistia, Stratiotes, and various green firesh- water Algee, 
Some ^uatics are fluviatUe, as Ranunculus fluviatilis and (Enanthe 
fluviatilis ; others grow in fresh clear water springs, or near them, as 
MonBa fontana. 

1576. Marshy plants are those which grow in different kinds of 
wet SOU. Some of them, as Comarum, Menyanthes, species of Bidens, 
(Enanthe, Oicuta, and Oarex, grow in very wet places, which are not 
always easily accessible ; others, as Primula fannosa, and Pinguictila 
alpm^ grow in firmer, peaty soil. To this class may be referred 
certain amphibious plants, which generally grow submerged, but 
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which can live in dry soil. Among them are included rariouB forma 
of Bantmculus, Polygonum amphibium, NaBturtium amphibium, Limo- 
Bella aquatica^ aa well as species of Bhizophora and Ayicennia, which 
are found in warm countries at the muddy mouths of rivers, 

1577. Epiphytic plants are those which Bend their roots into the 
air, and grow attached to other plants. Among them are enumerated 
numerous species of tropical orchids (Pig. 143, p, 60), and other air- 
plants, such as species of Tillandsia and Pothos. Parasitic plants are 
those which derive nourishment from other plants. Among them are 
included those growing on living vegetables, such as species of Lo* 
ranthus, Viscum (Fig. 125, p. 53), Lathrsea, Orobanche (Fig. 126, p. 
54), Cuscuta (Fig. 128, p. 54), EafBesia (Fig. 127, p. 54), and many 
Fungi ; those growing on dead vegetable or animal tissues, as the 
various Mould-plants (Fig. 1021, p. 345), also species of Onygena 
and Splachnum. Among peculiar epiphytes and parasites may be men- 
tioned Racodium cellare, a fungus found on wine casks; Byssocla- 
dium fenestrale, a filamentous cellular plant (mycelium ?) growing on 
window panes; Conferva dendrita, developed on paper; species of 
Sphteria, growing on living animals (Figs. 1023 and 1024, p. 345), 
and Sarcinula ventriculi, found in animal fiuids. 


III.— EFFECTS OF CLIMATE ON THE PERIODS OF 
LEAFING, FLOWERING, AND FRUITING. 

1578. Epirrheology or the influence of various physical agents on 
plants, is well illustrated by the variations in the epochs of foliation, 
defoliation, flowering, and fruiting, which have already been partially 
alluded to at pages 500 and 527. Berghaus has paid particular atten- 
tion to this subject, and has given tabular views of these epochs in 
different countries. We have already seen that germination, or the 
first budding of plants, is materially influenced by temperature (p. 629, 
630). The unfolding of the leaves takes place at different periods of 
the year in different countries (p. 500). Thus the Elm (Ulmus cam- 
pestris) unfolds its leaves at Naples at the beginning of February, at 
Paris in the month of March, in England 15th April, and at Upsal 
abont the middle of March. Schubler found in general that in the 
middle latitudes of Europe and North America, the flowering of 
plants is delayed four days for each degree of latitude towards the 
north. Berghaus* remarks that in higher latitudes, in districts situ- 
ated in the north of Germany, the development of vegetation is less 
retarded than in more southern positions. The delay in the period of 
flowering, between Hamburgh and Christiania, amounts to only 3.4 
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dft 3 rB for one dcgitw of approAch towards the nortbf while that between 
southern Qeraiany and Smyrna, in Asia Minor, which is in the same 
parallel as the most southern portions of Europe, amounts for the same 
s^ce to 7.4 days. The cause of this difference arises from the dif- 
ferent lengths of the days, which in higher latitudes, during the warm 
period of the year, increase in a much greater degree than they do in 
southern parallels, by which the vegetation is hastened into develop- 
ment more speedily ; and it is only in this way that it is possible, in 
higher latitudes, for various summer plants to reach their requisite ma- 
turity. The activity of vegetation is . not increased in equal propor- 
tions in different plants by the same elevation of temperature. Plants 
of northern climates are less retarded in their development at the same 
low temperature than are plants of more southern regions. 

1579. When we compare the epochs of flowering in Europe and 
America, we find that — 


NAMES OF PLANTS. 

MKW WOELO. 

OLD WOELD. 

Lat. 40 degr. 20 mm. 
Perth>Amboy» Jersey. 

Naples, 

40 deg. 61 mm. 

Tubinfren, 

48 deg. as min. 

The Peach-tree blossoms 
The Pear-tree „ 

The Apple-tree „ 

21st April . . 
27th „ . . 

2d May .... 

8th February 
8th March . . 
6th „ ... 

6th April. 
4th May. 

8th „ 


Between Perth- Amboy, on the east coast of Korth America, and Naples, 
there is therefore a difference in the lowering period of the Peach- 
tree of 10 weeks, although the two places are nearly under the same 
parallel ; and there is a difference of 6 weeks in the case of the Pear- 
tree and 8 in the Apple. Perth- Amboy, however, lies in the isother- 
mal parallel of 54j®, while Naples is nearly in that of 63J-®. At the 
former place the winter has a temperature of only 32®54 F., and at 
the latter of 50° F. The mean temperature of April at New York, 
Lat. 40°40', is 49°. 1 F., and at Tubingen 48°.2 F. The Peach, there- 
fore, requires for the development of its blossoms at least 48°.2 F., and 
Naples has that temperature in the month of February. 

1580. As regards the ripening of the Peach, the same variaiions 
^ur. ^^eat harvest begins at Naples in June, in central Germany 
in July, in the south of England and the middle districts of Sweden 
about the 4th of August. Barley harvest commences at Naples in 
June, in central Germany about the end of July or beginning of 
August, in the south of England about the 14th of August, and in the 
middle districts of Sweden about the 4th of August. Ripe Cherries 
may be had at Naples during the first days of May, at Paris and in 
central (Jermany about the end of June, and in the south of Ei^land 
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about the 22d of July. Owing to the comparatively higher summer 
heat iu Sweden, and to the more rapid vegetation than in England, the 
Wheat harvest does not take place sooner in the south of England than 
at Upsala ; and Barley is 10 days later of ripening in England than in 
Sweden. From observations biade during two years in Saxony, we 
find, as a mean result, that from the flowering to the ripening .of the 
fruit, 56 days are required for Wheat, 59 for Rye, 31 for Barley, 45 for 
Oats. From observations at Wurtemberg, the same period of vegeta- 
tion required 56.4 days for Rye, 42 J for Triticum Spelth, 51^ for 
winter Barley, 25 for summer Barley, and 25^ for Oats. The fol- 
lowing are given as the periods of vegetation of winter Wheat : — 


LOCALITIES. 

Mean penod of 
Sowing. 

Menn time of 
Harvest. 

Difference in 

Days. 

Malta .... 

December 1. 

May ] 3. 

163 

Sicily (Palermo) 

December 1. 

May 20. 

170 

Naples .... 

November 16. 

June 2. 

196 

Rome .... 

November 1. 

July 2. 

242 

Berlin .... 

... * 

299 

Alps at 3000 feet 

September 12. 

August 7. 

329 


For Winter Rye the following periods are given ; — 


LOCALITIES 

Mean penod of 
Soaing 

Menn time of 

Uai vest. 

Difference in 

Days. 

Alps at 3000 feet 

SeptembcF 20. 

July 30. 

313 

Alps at 4000 feet 

September 8. 

August 14. 

340 


The progression from southern Italy to the north of Germany pro- 
duces the same effect as a considerable increase in elevation. In 
both cases there is a great prolongation of the period of vegetation in 
Cereals. At 5000 to 5200 feet, the extreme limit of Rye, it often 
remains a whole year in the ground. 

1581. Thurmann states that in the Jura, generally speaking, a 
delay of 17 days in the harvest corresponds to a difference of altitude 
of 1000 feet On the Alps, according to Schlagintweit, there is a 
delay of 11 days in the development of vegetation for every 1000 feet 
Quetelet finds that in the climate of Europe every 600 or 700 feet 
produces a delay of about 4 days, which is equal to about 1° of latitude. 
Schlagintweit,* who has examined particularly the vegetation of the 
Alps, gives the following tabular view of the effect of elevation on the 
epochs of vegetation : — 
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1583. Ai legtrds the finll of the leaf, or defidiatioxi, Berghane re* 
nuudoK^ that tibe Hazel-nut tree, the Adi, lim^ Poping, and Maple, 
looe their leaves at Upsala at the very beginning of autumn ; while 
in tlie neighbourhood of Naples they remain in full foliage during the 
whole month of November, The Apple-tree, the Fig-tree, the Elm, 
Bixoh, and different kinds of Oak, which in Paris are deprived of their 
leaves at the beginning of November, retain them at Naples till the 
end of December. In England, the Walnut is one of the first trees 
that loses its leaves ; and after it the Mulberry, the Ash (especially 
when it has had much blossom), and then the Horse-chestnut.^ 


IV. — DISTRIBUTION OF CLASSES, ORDERS, GENERA, 
AND SPECIES OP PLANTS OVER THE GLOBE. 

1583. Some plants are generally distributed over the globe, oc- 
curring in both hemispheres, and having an extensive latitudinal range ; 
others are restricted and endemic in their distribution. There are 
numerous interesting facts in regard to geographical distribution in 
Hooker’s Antarctic Flora, a work from which many of the following 
examples are taken, Trisetum subspicatum is a Grass having a very 
wide range. It extends from Tierra del Fuego over the whole of the 
Peruvian Cordilleras, and over the Rocky Mountains to Melville 
Island, Greenland, and Iceland ; it b found in the Swiss and Tyrolese 
Alps, on the Altai, in Kamtschatka, and in Campbell’s Island. The 
range b from 54° S. lat. to 74^° N. lat., through 128^° of lati- 
tude. Diimys Winteri (Fig. 1358, p. 750) extends over no less 
than 86° of latitude, or 5160 geographical miles, forming at the 
southern limit of its growth one of the trees which advance nearest to 
the antarctic circle, and reaching as high a latitude as any fiowering 
plant, save the solitary Grass of the South Shetland Islands. “ No 
vegetable production of its sbe affords a parallel case to this, either in 
America or in any other country. Such an extraordinarily extended 
range b in part obviously due to some peculiarities in the form and 
sur&ce of South America, where under every degree of latitude there 
are large areas either at the level of the ocean, or at an elevation 
where such a tree can enjoy a climate that b equable.” Gentiana 
prostrata has a great range, both in longitude and latitude. In 
southern Europe it inhabits the Carinthian Alps between 6000 and 
9000 feet high ; in Asia, it occurs on the Altai mountains about N. 
lat. 52° ; in America, on the tops of the Rocky Mountains, in lat. 52° N., 



OCKBRAL MB BSOBUftO BMMBUTION. 


«80 


at an dmtion of i&,000 to 16,000 ftet ; and cm the east aide of the 
Andes of Boatiii Anwrioa, in W & It desoenda to the 1ml of the 
sea at Gape Negxo, in dhe Straits of Magalhaanii, in lat 68'' S. ; and 
at Cape Good Hope, in Bdirings Straits, lat. N. PotentiUa 
anserina is widdj distribated both in the northern a^ southern hemi* 
spheres. It grows throughout Europe, bom the diodes of the Hedi« 
terranean to ^e Arctic ^ ; oyer aU Ada to the noi^ of the Altai 
range; in North America, ism lat. 40" to Whale-fish Island in 70" 
N. lat. ; and from the Or^n Biver to Eotsebue’s Sound on the west 


coast* It is frequent in Tasmania, but is not indigenous there. 
Finns lE^lyestriB extends from the north of Persia, lat. $6", to the 
north of Lapland, lat. 70" ; and from Eastern Siberia^ 66" 16', to 
the mouth of the Ob in the Frozen Sea. It thus ranges over a space 
of 34 degrees of latitude, and 74 degrees of longitude. Epilobium 
tetragonum, a British plant, extends from Canada to Fuegia. Calli- 
triche vema is universally diffused through the temperate regions of 
both hemispheres. Oxalis comiculata, Calystegia Soldanella and 
Senebiera didyma, natives of Britain, are found in the Galapagos 
Islands. Carex festiva ranges in the northern hemisphere, from 
Greenland on the east, to Unalaschka on the west, crossing by 
Cumberland House on Bear Lake, and thence runs south along the 
Bocky Mountams. In Europe, it has only been found in Lapland. 
Hymenophyllum Wilsoni is found in all the four quarters of the globe, 
also in AustraHa, New Zealand, Tierra del Fuego, and the Falkland 
Islands. Cistopteris fragilis is very extensively diffused. It avoids 
rach hot ^d equable climates as the low lands of the trepics. In 
^erica, it ranges along the Cordilleras, from the Arctic Sea and 
Gr^nland to the Straits of Magalhaens ; in Europe, from Iceland 
and Lapland to the Mediterranean ; in Asia, between Kamtschatka 
and the Himalaya ; but in Africa, it is confined to the Canary Islands 
and the Cape of Good Hope. 

1584, The British and European grass, called Phleum alpinum, is 
found at the Straits of Magalhaens, on the east side of the Andes at an 
elevation of 6^ to 7000 feet, on the Cordilleras of Mexico, and on the 
Peak of OnaaH 10,^ to 12,000 feet above thelevelof the sea. Many 
^les in the Fdklmd Islands are identical with those found in 
It British plarits, along with many others, ai« 

V (BelmngB Straits), Vaccininm nlig innunm, 

ChamasmoruB, Arcto^® 
slpma, Comns suecim and Empetmm nigrum. Prmaria hygrome- 
tac^ a well-faown British Moss, is found all over the worid. On 
tannng the surface rf the ground, in all quarters of the globe, this 
«<w up. Galium Aparine is a British plant, found at the 

■’* Magalhaens, in the idand of 

Woo ; and in North America it ranges between the latitude of Fort 

Pl*ntagomaritimaoccuniin 

mtain, at the Cape, and at the sontiiem prnnt of America. 
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fbntftttft ii &imd h loelaody Britnziy and Kergnelan's Land, B« lat. 59*’. 
Obara flexilia also ocoure in tlie last two places. Oryptogamic 
erilokr plants liave gexterally a veij wide range ; many of them ate 
wniverBall j distributed. 

1585. Hooker has recognised more than 30 antarctic forms as 
identical with |Iuropean ones. Among them may be enumerated--^ 


I^podlam Selago. 

dATitam. 
Po* nemorftlis. 

— pvatenaii. 
aniMUL 

AJra flexnSUi. 

Festuca dnriiuciilft. 

— bromolAet; 
Agrostis alba. 

Lolittm perenne. 
Alopeconu alpinas. 
fhleam alpinum. 
Carexcurta. 

Eleocham pdiutris. 
AmMiia naridma. 
Plantago maritinMu 
Chenopodinm glanctim* 
Limosella aqoatica. 
ConTolTnliia aepimn. 


Gannm Aparbie. 

LeoBtodoB Taraxaetim rar. Uerigs- 
turn. 

Erigeron alphras. 

Senedo yulgam. 

Hippnris vulgaris. 

Epilobium tetragonm!). 

IjathTTua marHimns. 

Monda fontana. 

Stellaria media. 

Sagina procumbent 
Cerasdom arvense. 

Sisymbrium Sophia. 

Capsella Bursa-pastorit 
Cardamine hirsuta. 

Apium graveolens. 

The last two are found in Fnegia, fa 
the Falkland Islands, and in 
tan d* Acunha. 


1586. Some plants which hare a great latitudinal range are re- 
stricted to a narrow space as regards longitude. This is the case with 
the species of Erica, which extend from the Cape of Good Hope to 
northern regions. Certain species of Rhododendron, Magnolia, Azalea, 
Actssa, and Andromeda, occur on the east of the Eocky Moun- 
tains, and are not found on the western side. In the western part of 
Ireland we meet with Daboecia polifolia, Erica mediterranea, and 
Arbutus Unedo, which are not met with in other parts of Britain, and 
which again appear on the mounttdns of Asturias. On the western 
side of the Cordilleras of Chili, Calceolarias grow, which are not found 
on the eastern side. Lobelia Bortmanna seems to be confined to the 
western European ooimtries. Tamus communis, Briza minor, Gas- 
tridium lendigerum, and Calamintha officinalis, are said to have a 
tendency to migrate in a northiiwesterly direction towards their vanish- 
ing point 

1587. While some plants are generally and widely distributed, 
others are limited to particular countries, and sometimes confined 
within very narrow limits. The floras of the different quarters of the 
world contain certain plants, which are restricted to them, and some 
which are only found in a few localities. One region in the Andes 
is marked by the occurrence of species of Bejaria, and others by Cin^ 
ehonas. Certain plants belonging to the natural order Polemoniaceie 
are peonliar to Galifomia ; an Orchid, called Disa grandiflora, is G<m- 
ib^d to Table Mountain; Codon i^yeni and Frotea acaulis are 
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ratxioted to a 6w kealitks at the Gape of Good Hope. Koaieroiia 
iastaiioes of a similar kmd maj he given, more pardoiilsrly in the 
case of isUads. Tbt flora of klaDdfl near oontinente partalcea of the 
character of that of the mainland. Those remote fifom contumts, 
howeyer, have often a more or less endemic flora. St. Helena had a 
peculiar flora, which has been strangely altered by foreign introdne* 
tions. The flora of Madeira oondsts^ 672 Phanerogamous plants 
and Ferns, of whkh 85 are absolutely peculiar to it, while 460 are 
common to Europe. The flora of the Azores is estimated at 426 
species, of which 280 are ccnumon to them and Madeira. The Ca- 


naries and Madeira have 312 in common, and 170 azp common to 
M^eira and Gibraltar, where 456 species have been collected. Vao- 
cimum maderense, Matthiola maderensis, Sideioxylon Marmulana, and 
Erica arborea, are characteristic Madeira plants. Aim antaicdca, 
the most southern flowering plant known, is restricted to the antarc- 
tic islands* Origanum Tournefortii is said to be found only on one 
of the islands of the -®gean Sea, Pringlea antiscorbutioa, Kerguelen's 
Land Cabbage, is an interesting plant growing on an island, the re- 
motest of any from a continent, and which, according to Hooker, 
yields, besides this esculent, only 17 other flowering plants. 

1588. We sometimes meet with marked centres, where the maxima 
of the genus of an order, or of the species of a genus, occur, the 
number of the genera or species diminishing as we recede from these 
centres, and ending perhaps in a soUtary representative in some dis- 
tot country, Genius and Saxifrages have their in the 

European Alps ; Eriocaulons have their great centre in Brazil, but a 
few ^ci^ am found in other countries. Thus, E. deoamgulare is 
cw Amenca, E. septangulare in Galway and the Isle of 

bkye, and a few other species in New Holland and India, Eoacri- 
dwe* aw reacted to AustraUa. The genus Viola has two ied 
centres, one m Europe and another in America. The form of the 
European md Amencan species are quite distinct The of 

Ae ^nus Enoa is at the Cape of Good Hope ; hut memhers d tlb 
northern regions in the form of Erica Tetralix, 
Calluna yul^g. The maximum of the orders pSmJ 
Mnsace*^ Piperacen, Zmgiberacege, and Murantojuif. j, {« 

^ons but ^rtom species «e foind in higTISdl Sf £ 

to 36° w . wliila* North America, in lat 84* 

Aeala li,; some species occur in New Zealand, in lat 88“ S, 

J^slands. The Laurel order is tropical, hut 
Myrtaoe® h^Myrtus 
Leptosp^e* in AustaS 
“ Lord AncWand’s groul^t 60t“ 

•iowOly Z * Z J 5b occa. 

I^pmsented m another by forms which are either allied, or 
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hftVe ft {diynogiKHiiio xetenibliuice. There is thos eottietiiiies i repetkioii 
iMMfmUiixg or almost dmilar forms in oonntries Mpftmtsd by seis or 
extenrive traota of laid. The Erioaceo of the Gape have in AnatraliA 
a fqvesentative in the nearly filled Epacridaeem; the Gactaoem of 
Ajnerioa are represented by certain snooulent forms rflfesembryanthe- 
maoeie and EnjdiorbiaceflB in Afnoa ; and by some Grassolaoeie in 
Europe. The species of Cistns, fonnd in Spain and Portngal, ha^e 
their representatives in the north of Europe in the ^>ecie8 of Helian* 
themum. The Pines and Firs of the northern hemisphere have re- 
presentatives in the southern hemisphere in the genera Araucaria, 
Danunara, and Dacrydium.^ Trientalis europesa has a representative 
form in America, T. americana ; Gomus suecica occurs in Europe, G. 
canadensis in Canada. Empetmm nigrum, in arctic regions, has E. 
rubrum to take its*plaoe in the antarctic ; Pinguicula Insitanica, in the 
northern hemisphere, has P. antarctica closely resembling it in tbe 
sonthem ; Hydnora airicana and H. triceps in South A£ioa are repre- 
sented in South America by H. americana. The Cnlcitiums of the 
Andes have their counterpart in the woolly Espeletias of the moun- 
tains of New Granada. I^petes muscosa, a Thymelaceons plant, con- 
fbed in its geographical range to the mountains of antarctic America, 
is represent^ in New Zealand by a very similar one, forming its only 
congener, B. DiefGenbachii. 

1590. The mode in which the globe has been clothed with vege- 
tation, has given rise to much discussion. We know jfrom the Sacred 
Becord, that on the third day of the Creation of the present state of 
the globe, the earth brought forth grass, and herb yielding seed after 
his kind, and the tree yielding fruit after his kind ; but whether the 
whole earth was at once clothed with vegetation, or certain great 
centres were formed, whence plants were gradually to spread, we have 
no means of knowing. The endemic Citation of certain orders, 
genera, and species, would certainly lead to the opinion, that, in many 
instanoes, there have been definite centres, whence the plants have 
spread only to a certain extent. But the general distribution of other 
tribes of plants, and the ooourrenoe of identical species in distant 
parts of the world, would favour the view, that countries with rimilar 
climates had originally many species Of plants in common. In the 
ease of Grasses, we would natu^Iy suppose that they must have been 
prodnoed in their sodal state, forming pastuie hr the nourishment of 
animals ; and such we might coi^eoture to be the case with sociid 
]dant8 in general. 

1591. Edward Forbes advocates strongly the view of ie^>eeiSc 

* In ipMking of lontlMni Gofiian^ Booker ttatai Unit fov genoH tre peenllar to the loothem 
honiiiplino— Anmoirtir FhrllooiaSiii, ilierocoduyi, and Arthrotaxiij throe oUten have their nuud- 
»iUBtotheaoatbofthotropiloa>~CaUitria, Podoo^oa, aiidl)aa7diiuft. Danunara bai one qieotea ifi 
aadi heniaphere. Thide ii equally divided between the two; whilat Junipenta mod Onpcemii are 
beiely, if at all, rajpreaeutedt except perhipe the latter by Arthiotaxia.— Hookeri Journal of Botany, 
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eantiM, and endeaman to aooonat he die iaolaiion of oertain i^eoieB 
or aaaamUagei of j^ta tm thdr eentna, hj aappoamg dial dieae 
on^oata vere formeriy connected, and Imve been aepan^ed, by geo> 
logical (dungea, acoonpanied Sddi the Ovation and d^nmaioa of 
land. Sohonw o^oaea the view of specific oentrea. lb thinks that 
the existence of the same species in to distant ctrantHee is not to be 
aocoimted to <m the snppoeition of a angle centre to each apedeaii 
The nsnat meana of transport, and even the changes irMeh have 
taken place by Toloamo and other causes, are inadequate to explain 
why many species are common to the Alps and the PyreneeB on the 
one hand, and to the Soandinayian and Scotch mountains on the other, 
without being found on the intermediate plains and biUs $ why the 
flora of loelimd is nearly identical with that of the Scandinaviaa 


mountauu; why Europe and North America, efqooially the nor th^rti 
parts, have various plants in common, which have not been communi* 
cated by human aids. Still greater objections to this mode of ex* 
planatum, he thinks, are founded on the foot that there are plants on 
the Straits of Magalhaens, and in the Falkland and other antaietio 
islands, which belong to the flora of the arctic pole ; and that sevend 
European ptots, as Phragmites communis, AHsmft Plantago, Aim 
flexnosa, species of Typha, Lemna, Scirpus, &c., appear in New Hoi* 
land, Van Diemen’s Land, and New Zetdand, and which are not 
found in intermediate countries. In the case of Gryptogamic 
the number of such recurring species is much increased. It is also 
difficult to conceive that large tracts continued quite barren until mi- 
gration caused them to be covered with vegetation. Bohouw, there- 
fore, supposes that there were originally not one, but many piimarv 
mdividuals of a species. 

1592. Prom all that has been said on this interesting subject, we 
are led to tire concluaon that many plants must have origmatod pri- 
mitively over the whole extent of tiieir natural distribution: 4«t 
oertam species have been confined to definite localities, and have not 
«^ad to any ^at distance from a common centre ; while others have 
^n gene^Iy difiuwd, and appear to have been created at the same 
^ m different and ^n to dUtant locaUties; that migration has 
carm^ “tent, under the agency of various natural 

changes may, m some instances^ have caused 
1 ? and may have left isolated 

o^^m various^ of the globe; and finally, that social plants 

•idted^ natural arraogemetit 
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T.~MODEB m WEIGH FLAETS HAYS BBSUSt DIB- 
SElONAmD. 

1693*! Provision has been made for the exteneim of plants over 
the globe. The nsnal modes of tranqK>rt are many tides of the sea^ 
rivers, winds, and birds. The Coco-nut wafted m the ocean is able 
to resist the action of the salt water by means of its fibrous eovering, 
and lands on islands and shores in a state fit for germination. In this 
way recently produced coral islands are covered with vegetation. The 
ha^ fruits and seeds of many plants are wafted to a distance by the 
winds, and rivers carry down the seeds of plants which have grown 
at their source. Birds which feed on pulpy fruits, often deposit 
the hard seeds at distant parts. Man, in his migrationa, has distri- 
buted many plants, including common weeds, as well as plants useful 
for food or clothing. Bumex crispus, B. Acetosa, and B. Acetosella, 
Senedo vulgaris, Agrostis alba, Poa annua, Gerastium triviale, Stel- 
laiia media, and Veronica serpyllifolia, have been introduced by 
man into the Falkland Islands. The last-mentioned weed has also 
been introduced near Quito. Capsella Bursa-pastoris, Centaurea 
OyanuB, and Lolium temulentum have been carried to South Australia. 
Fennel, Trifolium repens, Echium violaceum, Sonohus oleraceus, Me- 
dicago denticulata, Lolium perenne, Hordeum murinum, and H. pra^ 
tense, are recorded by Bunbury as growing abundantly near Buenos 
Ayres ; all of them l^ing British species which have followed man in 
his migration. The Thistle and the Artichoke, coming with Europeans^ 
have quickly spread themselves over the Pampas of Buenos Ayres. 

1594. Certain useful plants are considered by Sohouw * as ori- 
^ally characteristic of nations, although at the present day they have 
become much more widely difibsed. In the South Sea Islands, the 
Bread-fruit tree (Fig. 783, p. 268) and Coco-nut palm (Fig. 166, 
p. 70), supply important articles of food and clothing. New Zealand 
flax (Fig. 48, p. 24) is charaoterisUo of the island whence it derives its 
name. Among the Malays of the Indian Islands, the Clove-txee, 
Nutmeg, Pepper (Fig. 1660, p. 895), and Ginger (Fig. 1713, p. 921), 
are the principal oha^teristic plmits, and these are also common in 
India. Maize, which gives the most abundant, and also the most un- 
certain of all crops, was originally confined to America ; such was 
also the case with ihe Potato. The Maguey plant (Agave potatorum) 
is a valuable product of Mexico, and may be called &e Vine of the 
Mexicans ; while Agave americana is useful for clothing. Cheno* 
podium Quinoa is aplant use^ for food in the high districts of Mexico, 
Peru, and Chili ; the Mauritia Palm is an important means of snb- 
sistenoe to the tribes of the Orinoco; the Date-Palm (Fig. 1743, 

• 8^Mmv^l«rthAaSlfaD,truiilitedbyH«iS^ 
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p* 994} is eqiisUy ixsefol in ihs norili of Afrie4» tnd in tha AraUsn 
dfioerti. The Odfee-tree (1% 1596, p« S80) oinrioteisei the south 
of Aiubis, and Abyssmia. Bioe and Ootto wm two important 
^ants for the Hindoos; the^ea-plant (Fig. 1421, p, 778) 9)r the 
Chinese; Wheat, Barley, Bye, and Oats, to Indo-Oanoasian races 
of Western Aria and Europe; the Olive (Fig. 1669, p. 851) and the 
Vine (Fig. 152, p. 64) to the inhaUtanis of Mediterranean districts ; 
and the Bein*deer Moss (Fig, 1016, p. 843) to ihe Laplanders. 

1595, VTliile such was the or^al distributikm d these plants, 
great changes have taken place chiefly by the agency of ike Can* 
oasum races, who have transplanted to their own countries the oharac^ 


teristio plants of other nations. Thus Schouw goes on to remark, — they 
have brought the Apricot, the Peach, and the Almond, from Am 
M inor and Perria, and the Orange from China ; they have transplanted 
Bice and Cotton to the Mediterranean coasts ; they have brought the 
Maize and Potato from America to Europe. They have also carried 
Aeir own characteristic plants to their colonies, and have transported 
into various climates useful and ornamental vegetable productions. 
European Com plants have been widely spread through North Ame- 
rica, in Mexiw, the elevated countries of South America, Chili, 
Buenos Ayres, in South Africa, in the temperate parts of Australia 
and Van Diemen's Land. The Vine has been spread to Madeira, the 
Canary Islands, South Africa, and the high lands of South America, 
^e Coffee-tree and Sugar-cane (Pig. 78, p. 33) have been trans- 
planted by man into the West Indies and Brazil ; the Nutmeg and 
Clove into the Mauritius and Bourbon, and various West India islands • 
plantations of Tea have been formed in Brazil, Java, and India* 
Bice ^d Cotton have been cultivated in the wanner parts of North 
America and Brazil, and New Zealand Flax in New Holland. 

1596. Man has diffused widely plants which are nsefhl 'to food 
or for the puri^s of manufacture. The consideration of the distri- 
“d of the Potato is a subject of much 
inter^ The former have been so long cultivated, and so extenrivelv 
spread, that it is difficult to discover their native country. They are 
^ ^n m a wdd state, mdess it he true, as Ein«it Pahre saya that 
^^^ov^ IS the wild condition of Wheat, and they have'a wide 

Tarious climatea Bice b 

2 comtries, and more espe- 

greatest range of tempenture, and 
'*“'‘**/ ^ “ associat^th it in 

Wheat succeeds hert on the limite of the Bttb.trotn<S 
^^ 4 ^^ pwoeed north, is supceeded by Eye, and then by 
fwfljest north in Ewme. 

onlto^^* ^ World has been divided into Sallowing acii. 

The lone of Barley, Oats^ andXptSL 
adrrfag Pmmark and toe higher distrioto of SdadbavtoTtoe ^ 
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Shdtlisid) like most fiorthem pait of BoKftiaod end Irebuid-^ 

A# iwHftb bottodarj being 63^ and the south boundaf^r 

57® in Scotland, 53® in Ireland, 65® and 60®. 3. The aone of Rye 
and Wheat occupying the greater pmrt of Europe tkorlh of the Alps, a^ 
extending to about 50® latitude, or as far as tbe polar limit of the 
oultiTation of the Vine ; in this zone, Buck- wheat, Peas, and Beans, 
are also important articles of food. 8. The zone of Wheat, including 
those parts of Europe and Western Asia which lie south of the 50th 
degree ; in several districts Maize is cultivated as well as Wheat. 
4. The zone of Rice and Wheat in those provinces which are subject 
to the influence of tropical seasons ; in tropical Western Africa, Bice 
and Maize are the chief grains. The zone extends from about 15® N. 
lat. to 28® S. lat In America, Berghaus distinguishes the following 
zones: — 1. Bye, Wheat, and Barley (summer Cerealia). 3. Bye and 
Maize. 8. Wheat and Maize. 4. Wheat In the tropical zone, 
Maize is the principal Cereal grain. 


VL— PHYSIOGNOMY OF VEGETATION IN DIFPEBENT 
QUARTERS OF THE GLOBE. 

1598. In this department of botanical geography we consider plants 
according to the distribution of forms, marking the predominance of 
this or that form of plants by the absolute mass of its individuals or 
by the impression it makes from the character given to the flora. The 
prevalence of a single form will often produce a much greater physiog- 
nomic effect than the number and variety of the floral productions. 
Hinds says that a general physiognomic impression is sometimes con- 
veyed by the prevalence of colour. Yellow colours, according to him, 
abound on tbe tropical mountain plains in autumn, while blue colours 
prevail in sub-tropical regions. In northern latitudes and in alpine 
districts white flowers are more common than on the plains. He makes 
the following statements as to the proportion of colours in the flowers 
of different countries : — 



Ojranie. 

XanUiie. 

White. 

Central America . . . 

12 

30 

8 

Sandwich Islands . . 

12 

31 

7 

, • , . . . 

26 

13 

11 

Oalifomia 

25 

19 

6 

New Ouinea .... 

12 

23 

16 

Hong-Eong .... 

13 

27 

10 
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IfiM. Social plcBta, in an ecqpeoial auunar, aSbdt tiw laminape 
from gracrinc la nmaes. Among sodal plants may be notioed Ibe 
B^eer-moaB of sratio repona, the Gladonias and Moaees of the vacte 
lerelcof norlhem Ana; GracHC forming paetnrae, or artoj^ent forms, 
as Bamboos; Fhragmites oommunis, and Soiipus laeostiis of marshy 
grounds; '^i^llows, Epilobinm angostifolinm, and Heaths; Oaotnm 
in Sontii America ; Avicennias and Mangroves at the muddy estnaries 
of tra|»oal rivers; Ferns in the South 8 m isUnds and in New Zealand ; 
Bftnkffififf in New Holland ; Goniferona trees and BircHes in the Baltic 
and Siberian plidns; Cinchona* bark trees on the Andes* Aquatic 
^ants, both of &esh and salt water, grow socially more frequently 
than land plants. Thus Sea^weeds, such as Sargassum baccifermn, 
Macrocystis pyrifera and Fucus antarcticus are found in masses in 
the ocean. Agricultural nations increase the domain of various social 
plants in temperate and northern zones, while they root out and destroy 
many wild species. 

1600. There are certain marked vegetable forms which are con- 
cerned in determining the aspect or physiognomy of nature in different 
countries. Some of these leading forms coincide with natural orders ; 
at other times, several distinct botanical groups require to be united* 

The PiJiK PoEH (Figs. 187-190, pp. 87 and 88) — ogives a marked 
character to the warmest regions of the globe, between 10 deg. north 
and 10 deg. south lat. The true Palm climate has a mean annual 
temperature of 78.2 deg. to 81.6 deg. F. South America is conspicuous 
for the beauty and number of its Palms. Certain Palms are associated 
in large groups, as the Coco-nut, Mauritia flezuosa, and some species 
of Ohaxnssrops. The indigenous Tegetation of Europe comprises a single 
Pabn-form, Ghamssrops humilis, or sea-coast Dwarf Palm, which in 
Spain and Italy extends as far north as the 44th parallel of latitude* 
In Asia and America Palms extend to 34 deg. north lat. ; the southern 
limit of Palms in Africa is 34 deg., in New Zealand 38 deg., and in 
South America 36 deg. In the Old World the Eastern Archipelago 
produces the greatest number of Palms, in the New World the great 
vall^B of the Amazon and the Orinoco* The Coco-nut is a littoral 
Palm. The Date, another social Palm, has be^ brought from Africa 
to the south of Europe, where it grows, hut not in a vigorous manner, 
With a mean temperature of 69 deg. to 62.4 deg. F. Some alpine 
Palms, as Kunthia montana and Ceroxylon Andioola (Fig. 188, p. 87), 
attain an eleTation of 6400 to 9600 feet on the Andes. With the 
Palm foim^ has been associated the Pycadaceous order (p. 911), which 
resembles it somewhat in the appearance of its naked stems and tufts 
of pinnated leaves. 

The B^^AirA and PLAirejinr Pobm (Fig. 246, p. 110)— is usually as- 
sociated with the Pahns in the torrid zone. In tbia form the physiog^ 
nomist includes the natural orders Musaceso (p. 922), Zingibearaoen, and 
Maiantaoess (p. 921). The plants representing this form have succulent 
Wbaceous steins and long delioately-veined verdant leaves. Groves of 
Bananas and Flantaius are ornaments of equatorial regions, and supplv 
haportant food for the inhabitants. 

The Malvaoboos Foek (Pig. 1414, p. 769}— represented in warm 
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dinatafl by treei with thick trunks^ large ioft cordate or lobed leaveo, 
and gorgeous dowers. It includes the orders MalTacese (p. 7d8), Bytt-- 
neriacess, Sterculiaeeas (p. 771), and Tiliaoess (p, 772), the SOk Cotton- 
tree, the Chocolate-tree, the Hand-tree of Mexico, the Baobab of 
S^egal (Fig. 176, p. 73). Cayanillesia platanifolia, and Sparmannia 
afiricana, are examples. The larger MalTaceous forms appear as soon 
as the Alps are crossed. 

The Mimosa Form (Fig. 1169, p. 494)— is represented by Legumi- 
nosss, with delicately pinnate leaves (Fig. 1157, p. 492), and is met 
with both in warm and in temperate regions. It is not seen in the 
temperate zone of Europe, though found in the United States. 

The Heath Form (Fig. 1557, p. 846) — ^belongs especially to the 
African continent and islands, as well as to Australia. Under it are 
included the species of Erica and Calluna, the Epacridaeese of Australia, 
the sub-order Diosmess of the order Butaceie, and some Proteaoem. 
Humboldt associates with it the leafless or phyllodiferous Acacias of 
Kew Holland. In some respects it approaches the Coniferous form. 
While in the colder temperate zone this form is diminutive, it assumes 
an arborescent aspect in Afnca, and even as far as the northern shore 
of the Mediterranean. Erica cinerea, E. Tetralix, E. camea, and 
Calluna vulgaris, cover large tracts in Germany, France, Britain, and 
Norway. In southern Africa the species of Erica abound. 

The Cactus Form (Figs. 1603 and 1604, p. 820) — ^with its peculiar 
jointed or spherical or polygonal stems without true leaves, is ex- 
clusively American. Humboldt says “ There is hardly anything in 
vegetable physiognomy which makes so singular and inefPaceable an 
impression on a newly arrived person, as the sight of an arid plain 
thickly covered, like those of Oumana, New Barcelona, and Coro, in 
the province of Jaen de Bracamosos, with columnar and candelabra 
like divided Cactus stems.’* Some of the stems become hard and 
ligneous, and are very indestructible. Certain Euphorbias may be 
said to represent this form in Africa. 

The Orohidbous Form (Fig. 1705, p. 918) — ^is represented by the 
epiphytes which enliven the rocks and the trunks of trees in tropical 
inmates, and which are distinguished by the animal shapes and 
colouring of their flowers. In temperate climes this form does not 
display the same magnificence ; in them the plants are not epi- 
phytic. 

The Casuabina Form (p. 901)— consists of leafless trees, with 
branches resembling those of Equisetums, found chiefly in the islands 
of the Pacific ocean and in India. Along with phyllodiferous Acacias 
and some Myrtacess, Oasuarinas give a uniform character to the Tas- 
manian flora. 

The OoxirEROUfl Form (Figs. 1121-1125, p. 436)— is represented by 
the needle-ksived trees of northern regions, the Pines, Cypresses, and 
Thrgas ; and by the broader-leaved Dammara and Salisburia of more 
souriiem regions* In the Himalaya and the Mexican mountains Coni- 
ferous and Palm forms are associated. 

The PoTHOB Form (p. 939)— prevails diiefly in the tropics, and is 
represented by Pothos, Dracontium, Oaladium, and Arum. Theyjiave 
succttlent stalks, large thkk-Tained leaves, and flowers more or iw 
spatbaceous. 
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loAMn If (3m (FiKi. 197 and 198^ p. 90)— da xa^femted by tbe 
iwining lope-plantc, the PauUinia^ Banuitarias, Baubiiiiai^ Bignonias, 
PaMiflonw, ai^ Aristoloohiaa, of the bottesit partB of South America, 
and the Hop and Tine of twperate <dimes. 

The Aiiob Fobv (Fig. 1731, p. 999)— coneisiB of plants with succu- 
lent tufted leaTOi, found in arid regions, often growing singly, and im- 
parting, according to Humboldt, a peculiar melancholy chioacter to 
the tropical regions in which they are found. With the Aloe are asso- 
ciated some Bromeliacefs, as Pitcaimias, the American Aloe, some 
thick short*8temmed Euphorbias, the Dragon-trees, the Yuccas, and the 
Screw-pines, 

The G&ufiirBOirB or G&asbt Pobm (p. 946>— illustrated in tropical 
regions by arborescent Bamboos, and in temperate regions by meadows 
and pastures. In the southern part of Europe Aj^do Donax (Fig. 
1763, p, 046), represents the arborescent form. Sugar-cane, Bice, and 
Millets, gnasy forms of warm regions, while Barley and Oats jure 
eztratropical. Along with true Grasses are associated C^peracece 
(p. 943), Juncacess (p, 933), Bestiaoeee, and Eriocaulonacese (p. 
942). The genus Carex (Fig. 167, p. 66), is one of the Grassy forms 
of cold regions. The Tussac-grass (Pig. 1767, p. 949) gives a feature 
to the flora of the Falkland Islands. Aira antarctica is the most an- 
tarctic flowering plant hitherto discovered. 


The Peek Form (Figs. 967 and 969, pp. 322 and 324)— gives a cha- 
racter to the landscape of warm and tropical regions. Like Grasses, 
Ferns have a gigantic appearance in the hotter parts of the globe. 
Tree-ferns, with their elegantly cut foliage, belong chiefly to the tropi- 
cal zone, growing at an elevation of 2000 or 3000 feet above the level 
of the sea. Some extend to New Zealand and Tasmania. On the 
Andes they are associated with the Cinchona trees. In temperate in- 
sular climates, such as that of New Zealand, Ferns predominate. Tree- 
ferns were found by Hooker in Enderby and Campbell’s Islands, which 
are the highest south latitudes in which they occur. 

The Liuaoboits Form (Figs. 1723 and 1724, p. 926)— includes the 
orders :^ace 80 (p. 927), AmarylUdacese (p. 924), and Iridacess (p. 922). 
to wuth^ Africa the species of Amaryllis, Ixia, and Gladiolus, with 
their ensiform leaves and gorgeous blossoms, represent this form. In 
^fl^ca the Lil^ous form is represented by Alstroemeriae and species 

represBited by the apecies of Selix 
ImJ **** northern hemiaphere from the equator to Lap- 

jncreaae m northern countriea. In the Swiaa and Scandt 
5 V “ Scotland, we meet with amaU creeping 

W^wa, auch «a herbacea, 8. reticulata, and 8. lanata. Intoit^ 
her;^ dwarf forma occur. There are no WiUowa in AuatmJia. 
to P- ®10)— * peculiar character 

^ ^ eapeciaUy the Mediterranean ialanda ; to Ifew 

*P**^«^ Bucalyptua, Melaleuca, Metroaidioa, and 
^toaptraum ; and to the diatiict of the Paramoe in the Andea 
®*J*““^yeoiea of Eacallonia, Symplocoa, Myiicau and H^rtiia’ 
^5™ isonaiata of planta with atiff, ahining, 
generafly entire and dotted leavea, and ineludea planta 
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til* OKtef MjrteMiD (p. 809), SfoalUmkoMi (p, 88f), Btynumoeia 
(p. 841), and Mjzioftoeto (p. 895)* One q>edee of M jHns if fomd in 
FufigU in let. 5^ deg. 8. Metrofiideroe lueidn is found in Lotd Auck- 
land’s group, lat. 50^ deg* 8. 

The Mx^toxa Fobx (p. 808>— is represented bj the species of 
Melastoma and Rhezia, with their ribM and beautifully reined 
leares, whioh abound in tropical America, and some of which ascend to 
10,000 and 11,000 feet on the Andes. 

The Lattbbl Fobx (Figs. 842 and 246, pp. 109 and 111)— >is repre- 
sented in South America by species of Laums and Persea, as well as 
by some of the Outtifera (p. 777), such as Oalophyllum and Mammea* 

The Fobx of Diootylboonoos Tbbxs (Figs. 172 and 173, p. 72)— 
is represented in northern climates by the Oak, Beech, Elio, Horse- 
chestnut, Poplar, Alder, and Birch ; in warmer climates by the Olire, 
and in the hottest regions by the large-leaved Bread-fruit trees and 
Cecropias. 

The Moss Fobx (Fig. 1003, p. 335) — ^is characteristic of cold 
regions. Hooker mentions, that in New South Shetland there are 
specks of Mosses struggling for existence. In Oockbum Island five 
Mosses are found. 

The LioHBir Fobx (Figs. 1013-1015, p. 342)— is associated with 
Mosses, and may be said to extend still farther. It forms the limit of 
terrestrial vegetation. On Deception Island Lichens only exist. 


VII. — THE STATISTICS OF VEGETATION OVER THE 

GLOBE. 

1601. This subject involves the consideration of the number of 
known vegetable species in the world, their numerical distribution, 
and the relative proportion of classes, orders, genera, and species in 
dififorent countries. In the present imperfect state of our knowledge 
the floras of different countries, it is impossible to tell the exact 
number of species of plants in the globe. Those known at the present 
day, described and undescribed, amount probably to nearly 120,000, 
and from this estimates have b^n made of the total vegetation, the 
numbers varying from 150,000 to 200,000. Hinds, reckoning the 
species at 134,000, gives the following conjectural distribution as 


compared with surface : — 

Speoiet. 

XsteatofSnrtlue. 

Europe 

11,200 

2,798,000 geog. 

Asia . 

36,000 

. 12,118,000 

Africa 

25,200 

8,500,000 

North America 

14,400 

7,%00,000 

South America 

40,000 

6,500,000 

Australasia 

7,200 

3,100,000 


134,000* 

40,411,000 
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TIm follOTriof k tin somlwr of kamro 

1 

1 

plants:— 

flsMn. 

Spoolai. 

Acotyledonous plants^ 

1,400 

15.000 

14.000 

Honoeotyledonous plants . 

1,450 

Dicotyledonous plants 

6,300 

67,000 


9,150 

96,000 

1602. The relative numerical proportion of these great classes of 


plants varies in different quarters of the world. It is estimated that 
Ciyptogamic plants are to Phanerogamous plants as 1 to 7* In 
nor&em and dpine regions the proportion of the former increases. In 
equatorial regions, Monocotyledons are to Dicotyledons in the propor- 
tion of 1 to 5 or 6 ; in temperate regions as 1 to 4 ; and arctic regions 
as 1 to 3. In temperate and cool climates there is an increase of 
Monocotyledonous plants, particularly of Oramineous forms. Tropical 
islands in general possess proportion^ly more Monocotyledons than do 
the continents ; the usual proportion in these islands is said to be 1 to 4. 
An equable temperature, and a rather humid climate, are favourable 
to Monocotyledons. They diminish both under the extreme cold of 
the arctic zone and the great heat of the tropics. They increase to- 
wards the southern temperate and antarctic zones. Hooker remarks, 
that the Gali^agos Islands differ from other tropical islands in having 
a small proportion of Monocotyledons, which in them are only -J. of the 
Diootyledons.'l' He also states, that in St. Helena Monocotyledons 
are to Dicotyledons nearly as 1 to 5, in the Society Islands as ‘l to 
4.2, in the Sandwich Islands I to 4, in the Cape de Verd Islands 1 to 
6, in the Canaries 1 to 6, in Madeira 1 to 5.4, in the Azores 1 to 4.1, 
in Great Britam 1 to 4, in Shetland 1 to 3.3, in the Faroe Islands 1 
to 2 There is thus an increase in the proportion of Monocotyledons 
in passmg from the Canaries, lat. 28% to Madeira, lat. 32% the Azores, 
lat. 38 , Great Britain, lat. 60^,57, Shetland, lat. 60°, and Faroe, lat. 
62°. In the arctic regions, on the other hand, Hooker remarks, the pro- 
portion seems to be invert^. In Iceland, lat 65°, the proportion is 1 
to 4.8; in Spitzbergen, lat 78°.80, it is 1 to 4.9; on the east coast of 
Greenland it is 1 to 5 ; in the arctic American islete, lat. 68°, it is 1 to 
5.3 ; at B^'s Bay, lat 70°.76, it is 1 to 5.7 ; at Port Bowen and Prince 
Regent’s inlet, lat 74°, it is 1 to 7. Melville Island presents an excep- 
tion, the proportion being 1 to 2 J or 3. On the antarctic islands. Mono- 
cotyledons bear a great proportion to Dicotyledons ; thus, in Kerguelen’s 
land, the proportion is 1 to 2. On this island there are 150 species 
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of of whidi 18 aio flowering plants, 8 Feme, 85 Kqases, 10 
Jnngeimaimitt, and the rest are Liohens and l^a-weeds. InCamptMll’s 
Island, where Hooker collected firoxn 200 to 800 cpecies, the propor- 
tkm is 1 to 4, and in Lord Auckland’s gronp 1 to 2.2. 

1603. In central and sontbem Enrope, the prq>ortion of Mono- 
colyledons to Dicotyledons, which is 1 to 4 in the plains, decreases 
wi& the elevation on diy monntain riopes, till, at the height of 8526 
feet, it is 1 to 7. Moist mountain slopes favour Monocotyledons, the 
proportion on them being as 1 to 3. In South Australia, Monocoty- 
ledouB are to Dicotyledons as I to 4, varying, however, according to 
latitude, the mean l^ing between the vegetation of New South Wales 
and Van Diemen^s La^. In Western Australia, the proportion is 
2 to 9, while the Acotyledons are to Dicotyledons as 1 to 6. In 
Western Eskimauz land, Seemann enumerates 315 species, of which 
73 are Cryptogamio and 242 Phanerogamous, the latter being made 
up of 45 Monocotyledons and 197 Dicotyledons. The proportion of 
species in some of the orders is given by him as follows : — ^Mosses 
30 species, Lichens 21, Grasses 20, Compositse 30, Sasdfragacess 19, 
Bosaceas 18, Caryophyllacea 15, Oruciferas 17, and Banunculaceae 15 ; 
the genus Saxifraga has 18 species, Potentilla 9, Salix, Banunculus, 
and Polytrichum 8, Pedicularis and Hypnum 7, Senecio 6, the rest 
of the genera having fewer species. 

1604. In the low plains of the great continents within the tropics. 
Ferns are to Phanerogamous plants as 1 to 20 ; on the mountainous 
parts of the great continents, in the saune latitudes, as 1 to 8 or 1 to 
6; in Congo as 1 to 27 ; in New Holland as 1 to 26. *In small 
islands, dis^rsed over a wide ocean, the proportion of Ferns increases ; 
thus, while in Jamaica the proportion is 1 to 8, in Otaheite it is 1 to 
4, and in St. Helena and Ascension nearly 1 to 2. In the temperate 
zone, Humboldt gives the proportion of Ferns to Phanerogamous plants 
as 1 to 70. In North America the proportion is 1 to 35, in France 
1 to 58, in Germany 1 to 52, in the dry parts of south Italy as 1 to 
74, and in Greece 1 to 84. In colder regions the proportion increases, 
that is to say. Ferns decrease more slowly in number than Phanero- 
gamous plants. Thus in Lapland the proportion is 1 to 25 ; in Ice- 
land 1 to 18, and in Greenland 1 to 12. The proportion is least in 
the middle temperate zone, and it increases both towards the equator 
and towards the poles ; at the same time, it must be remarked, that 
Ferns readli their absolute maximum in the torrid zone, and their abso- 
lute minimum in the arctic zone. 

1605. Taking other natural orders, we find that Juncacess, Oyper- 
acess, and Graminese increase in proportion to idl the Phanerogamous 
species as the latitude becomes higher ; thus, in the torrid zone, the 
proportion is 1 to 11, in the temperate zone 1 to 8, and in the arctic 
zone 1 to 4« CinohonaoeaB, Leguminosss, Euphorlnaceas, and Mai- 
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TAooiD^ iiioretio ia their pioportion to Phinerogtti&ad as we sppioAoh 
the eqiutor. 



ToniSZo&e. 

Tmp, Zotts. 

ArctieZon*. 

BubiaoesB, mdudingl 
Cinchonaoew and> 
Galiaoe» . ) 

1 toU 
(1 to 25 

ll to 

60 

Ito 60 

in America.) 

X 



Leguminossa . 

1 tolO 

1 to 

18 

Ito 35 

Euphorbiaoesd 

1 to 32 

1 to 

80 

1 to 500 

Malvaceie 

1 to35 

1 to 200 

wanting. 


The natural orders Oraciferso^ UmbellifersB, and OompositsB, have 
their highest quotients in the temperate zone. 



Torrid Zoae. 

Temp. Zone. 

Arctic Zoae. 


( 

Ito 18 ) 


Cruciferte 

1 to 800 J 

(Ito 60 in [• 

1 to 24 


( 

America.)} 


Umbellifem . 

1 to 500 

1 to 40 

1 to 60 


(1 to 18 

lto8 ) 


0omposit8» 

•<(1 to 12 in 

(1 to 6 in ^ 

1 to 13 


(America.) 

America.)) 



Piperacesd are plants of the hottest regions ; Papaveracee are chiefly 
European ; Cinchonaceas, within the tropics, form l-29th of the flower- 
ing plants ; Scrophulariace®, in the middle of Europe, are to Phanero- 
gams as 1 to 26, in North America as 1 to 36. Labiatse have their 
maximum between 40° and 50° N. lat. ; their relation to flowering 
plants in France is 1 to 24, in Germany 1 to 26 ; in Sicily 1 to 21, 
in the Balearic Islands 1 to 19, in Lapland 1 to 40, and they do not 
occur in Melville Island. Boraginaceie are chiefly conflned to the 
temperate regions, while Primulaceas and Gentianacess abound in 
colder zones. Caryophyllaceie are 1 to 22 of the Phanerogamous 
plants in France, 1 to 27 in Germany, 1 to 17 in Lapland, and 1 to 
72 in America; Malvaceae 1 to 86 in Sicily, 1 to 145 in France, 1 to 
233^ in Sweden, 1 to 125 in temperate North America, and 1 to 47 in 
equinoctial America. Gompoidtae, in relation to Phanerogamous plants, 
m 1 to 7 in France, 1 to 8 in Germany, 1 to 15 in Lapland, I to 6 
in North America, 1 to 2 in tropical America, 1 to 1 6 in New Hol- 
land, and 1 to 13 in Melville Island. 

1606. The proportion of species as well as of genera, belonging to 
the same natural order, varies in different countries. Of Banimou- 
laeess l-6th of the speciss are European, l-7th North American, l-17th 

8t 
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Soath AxDericaii, and l-25th Indian ; of Papaveracen nearly 2-ddfl are 
Enropean ; of CraoifersB 205 species, aoccnding to De Candolle, are 
{bund in the frigid zone of the nortbem hemisphere, 30 in the tropics 
(chiefly on mountains), 548 in the northern temperate zone, and 86 in 
the southern temperate zone ; of known Malpighiaoeas South America 
possesses 408 species, Mexico 61, West Indies 56, Africa and its islands 
25, Asia, Arabia, India, and Ceylon 16, Indian Archipelago, China, 
and Polynesia 14 ; of Hypericacess 41 are North American, 24 Asiatic, 
21 South American, 19 European, 7 African, 5 Australian, 5 in the 
Azores and Canaries, 4 common to Europe and Asia, 1 West Indian, 
and 1 common to Europe, Asia, and Africa ; De Candolle states that 
about 1600 species of Leguminosss are found in the equinoctial 
zone, about 1300 to the north of the tropics, and about 500 to the 
south. Out of 272 species of Crassulaceee, De Candolle states 133 are 
found at the Cape of Good Hope, 52 in Europe, 18 in the Levant, 18 
in the Canaries, 12 in Siberia, 9 in Barbary, 8 in Mexico, 7 in the 
United States, 4 in South America, 4 in China and Japan, 3 in the 
East Indies, 2 in New Holland, 1 in South Africa. Of 9030 Com- 
positce mentioned by authors, 3590 are found in America, 2224 
in Africa, 1827 in Asia, 1042 in Europe, and 347 in the South Sea 
Islands. Of 2500 species of Euphorbiaceae 3-8ths are found in equi- 
noctial America, l-8th in tropical Africa, 1- 6th in India, 50 species in 
America, and 120 in Europe. Lomler calculates that 165 Coniferee 
exist in the northern and 51 in the southern hemispheres. There are, 
according to him, 22 in Europe, 87 in Asia, 16 in Africa, 83 in 
America, and 35 in Australia. In the tropical zone 24, in the north 
temp. 159, and in the south temp. 33. The number of ConifersB in 
the southern hemisphere is as follows : — 16 species in New Holland, 
10 in Tasmania, 13 in New Zealand and the South Sea Islands, 
8 in South America, 6 in South Africa and Mauritius. 

1607. The following are some of the orders which prevail in cold 
regions, with their relative proportion to Phanerogamous plants : — 



Bcgion of Alpine 
Plants in France. 

Summit of Fio da 
Midi. 

Melville liluid. 

Gmminen 

1 to 15 

1 to 10.1 

Ito 4.7 

Oyperacese 

1 to 26 

1 to 25.3 

Ito 16.7 

Composites . 

1 to 11.2 

Ito 5.4 

Ito 13.4 

Oampsjmlacem 


Ito 71 

Ito 6.7 

Saxifragaoen . 

Ito 7.9 

1 to 17.7 

Ito 6.7 

Boflao6» 

1 to 19.7 

1 to 17.7 

1 to 16.7 

LeguminossB . 

1 to 39.5 

1 to 17.7 

1 to 32.5 

Cai^phyllaoen 

1 to 11.2 

1 to 11.9 

1 to 13.4 

Oru^erse 

1 to 13 

1 to 11.9 

Ito 4.9 

BanuaculaceA 

1 to 39.5 

wanting. 

Ito 13.4 
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Vin.— ZONES OF VEGETATION AS EEGABDS LATITUDE. 

1608. We have tiieadj seen Ihat the Tegetation varies according 
to latitodoy and that we may trace a series of changes in the flora from 
the eqnator to the poles. Meyen proposes to mark out round the 
world a number of climacteric zones or belt% and to connect with the 
fact of these zones of climate the peculiarities of the vegetation of the 
belts. Meyen’s plan is not quite correct, because he has made his 
belts to correspond with the parallels of latitude, and has asserted that 
between such and such parallels a certain form of vegetation would be 
found all over the worl(L The boundary lines of the zones, in order 
to be accurate, should be undulatory; they should correspond with 
the isotherm of the particular month in which there is the greatest 
development of vegetable life. Such undulatory zones, in which the 
plants present a certain resemblance to each other by sea and land, are 
denominated by Forbes Homoizoic. 

1609. As regards vegetation, Meyen divides the Torrid zone into 

— 1. The equatorial, extending 15® on both sides of the equator, 
having a mean annuid temperature of 78®.8 to 82®.4 P. 2. The tro- 
pical, reaching from the 15th degree on each side of the equator to 
lat 23®, having a mean annual temperature of 7S®.4 to 78®.8, a sum- 
mer heat of 80°.6 to 86®, and a winter temperature in the eastern 
coast countries of 59®. The J?emperate zone is divided by Meyen into 
—1. The sub-tropical, from the tropics to 34° lat., with a mean annual 
temperature of 62°.6 to 71°,6, and a siunmer temperature of 73°.4 to 
82°.4. 2. The warmer temperate zone, from lat 34° to 45°, having 
a mean annual temperature of 53°.6 to 62°.6, the summer tempera- 
ture, in North America 77°, in Europe 68° to 75°.2, and in eastern 
Asia 82°.4 ; the winter temperature in America being 32°.54 to 44°.6, 
in Europe 34°.7 to 50°, and in eastern Asia 26°.6. 3. The colder 
temperate zone, between the parallels of 45° and 58°, the temperature 
of the year 42°,8 to 53°.6 ; the minimum summer temperature on the 
west coast 56 .31, in the interior of the continent 68° ; the miTiiTmini 
winter temperature in the interior of Europe 14°. 4. The sub-arctio 

zone, from lat. 58 to the polar cirole in lat. 66°.32, mean annual tem- 
perature 39°.2 to 42°.8 ; temperature of summer in America 66°.2, in 
the Old World 60°,8 to 68° ; winter temperature of America 14°, of 
western Europe 24°.8, and of the interior of Russia 10°.4 to 14°. The 
Fi^d zone is divided into — 1. The arctic, from the polar circle to lat. 
72 , mean ^ual temperature being 28°.4 to 32°, and towards the 
eastern continental regions much lower. 2. The polar, beyond 72° of 
latitude; me^ annual temperature in the Old World 16°.7, in the 
New World r.4 ; the summer of the former 38°.3, of the latter 37^4 ; 
wmter of the former— 2°.2, of the latter— 28°. 

1610. Equatobul Zone.— This embraces central Africa, inphad- 
mg the Guinea coast and Abysrinia, &c., Ceylon, the southernmost 
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part of Hindostan, Malays Cochin China, Sumatra, Borneo, Java, New 
Guinea, idands in the eastern seas, the northernmost part ^ Australia, 
the northern part of South America, including Columbia, Peru, the 
Guianas, and part of Brazil. The vegetable forms characteristic of 
this zone are Falmm, Musacem, arborescent Gh'asses, Zingiberaoem, 
Marantacem, Orchidacese, and Lianas. Species of Bombay and ileus 
occur here, with gigantic trees such as the Baobab, species of Swietenia, 
Hymeneea, and Csesalpinia. The orders Malpighiacess, Anonaceas, 
Anacardiacess, Lecythidaceas, SapindacesB, Artocarpaceae, Sterculiaceas, 
Ebenacead, MeliaceaB, Lauraceae, and Eaffiesiacead, are also well repre* 
sented in this zone. 

1611. Tropical Zone. — This includes parts of Bolivia, Brazil, and 
Paraguay in South America, the majority of the West India Islands, 
Yucatan, Guatemala, and part of Mexico, Nubia and Senegambia in 
Africa, Madagascar, Mauritius, and North Australia, part of China 
and India, Burmah, and the south of Arabia. As Palms and Bananas 
may be said to characterise the equatorial zone, so may arborescent 
Ferns and species of Ficus be said to predominate in the tropical zone. 
Besides many equatorial forms, we meet here with plants belonging to 
the orders PiperacesB, Melastomaceae, and Convolvulacese. 

1612. SuB-TROPiCAL Zone. — This embraces the north of AMca, 
including the Great Desert, Morocco, Barbary, Algiers, Tunis, Tripoli, 
and Egypt ; in Asia, Palestine, Syria, north of Arabia, Persia, Cabul, 
Beloochistan, Thibet, the north of India, rifed China ; the southern part 
of Australia ; south Africa ; Paraguay, La Plata, Chili, and Banda, in 
South America ; the Bahamas, Bermuda, Mexico, Texas, the Southern 
States and California, in North America. In this zone vegetation is 
green throughout all the year, like the forests of the damp regions of 
the torrid zone. It is called the region of Myrtacese and Lauracen. 
Certain Palm forms are seen, such as Phoenix dactylHera in Egypt 
(represented in India by Phoenix sylvestris and P. humilis), Hyphaene 
thebaica, Chameerops Palmetto. In this zone we meet with succulent 
Crassulaceee, Mesembryanthemaceae, Cactaceae, and arborescent Euphor- 
biaceae, plants belonging to the orders TemstroemiaceaB and Magnoliaceae; 
and in the southern hemisphere especially Proteaceae, Epacridaceae, 
and Ericaceae, along with species of Zamia and Diosma. 

1613. Warmer Temperate Zone. — In Europe this includes the 
southern flora as far as the Pyrenees, the mountains in the south of 
France, and those in the north of Greece. Asia Minor, the country 
between the Black Sea and the Caspian, the north of China, and 
Japan lie in this zone. It has been called the region of evergreen 
trees. Chamaarops humilis represents the Palms, Erica arborea the 
Heathy Laums nobilis the Laurels, and Myrtus communis the Myrtles, 
in this zone, in which there are many sub*tropical forms. Spe^ of 
Cistiis, Yaocininm, Smilax, Eucalypti and Melaleuca are met with, 
as well as many forms of Compositas, also Figs, Oranges, Pomegra- 
nates, and the Vine. 
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1614. CoLDKB Tbmfbbatb Zom— In the northern hemiatphere the 
oharecteristic forms of the vegetation of this zone are seen in Unglandy 
the north of France^ and Germany. The forests consist of DiootyJe- 
donous trees and especially Conifer® j the successful cultivation of 
Wheat scarcely extends beyond the limits of this zone* Heaths, 
covered with Calluna vulgaris, add a feature in the physiognomy of 
this zone. The floras of Tierra del Fuego, the Straits of Mag alhaens, 
the Falkland Islands, and Kerguelen’s Land, are also included in this 
zone. We meet with Drymis Winteri, Fagns antarctica, and F. For** 
steri, Dactylis csM^itosa, Pringlea antiscorbutica, and many other 
interesting forms described by Dr. Hooker in his Flora Antarctica. 

1615. SuB-AECTic Zone. — This zone is of less extent than the pre- 
ceding, and in the interior of Asia it is perhaps not so easily dis^- 
guishable from it as it is in Europe* In the northern hemisphere it 
^is the zone of Firs and Willows. In the southern hemisphere it 
embraces a few barren islands. The northern parts of Siberia and 
Norway, the Faroe Islands, and Iceland, belong to this zone. In the 
Faroe Islands Barley does not always ripen, but the Turnip and 
Potato succeed. The Amentifer® in them, as well as in Iceland, do 
not become trees. Grasses, Calluna vulgaris, Juniperus communis, 
form features in the physiognomy of Iceland, and Alpine species come 
down nearly to the sea level. In Siberia, forests of Pinus Cembra, 
Larch, Spruce, Poplar, and Hirch occur, 

1616. Aectic Zone.— In this zone the Birch predominates, and 
along with it are seen Pinus sylvestris and Abies excelsa. The Birch 
reaches nearly the North Cape, and Firs extend to 69^' or 70®. Grasses 
are also found, and numerous Lichens and Mosses. At Hammerfest, 
in lat. 71°, Potatoes, Turnips, Carrots, and Cabbage succeed. Species 
of Rhododendron, Andromeda, and Azalea occur in the American arc- 
tic zone. 

1617. Polar Zone. — In this zone there are no trees nor bushes, 
and no cultivation of plants for food. Species of Saxifrage, Dryas, Papa- 
ver, Ranunculus, Cardamine, Cochlearia, Pedicularis, Silene, Potentilla, 
Salix, Juncus, Eriophorum, Parrya, PlatypetaJum, Phippsia, Duponda, 
and a few others, are found in this inhospitable belt. In Melville 
Island there are 67 species of flowering plants, in Spitzbeigen 45. In 
cold zones we find more genera and fewer species than in wanner 
regions. 


IX.— ZONES OF VEGETATION AS REGARDS ALTITUDE. 

1616. The verdoal range of vegetation has been divided into zones 
simiUr to those of the hwizontal range. The reladon of plants to 
Back zones of elevation is called Hypsometrical. As we ascend from the 
plain to the top of a mountain we pass through different belts of vege- 
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tftdon, the extent and variety of which di&t in different ootmMes. 
When Tonmefort ascended Mount Ararat he was stmck with the cir- 
emnstance, that, as he left the low ground at the base of the moantain, 
he passed through a series of belts, which reminded him of the ootm* 
tries he had pas^ through in travelling from the south to the north 
of Europe. At the base the flora was that of the west of Asia ; as he 
ascended higher he reached the flora of the oountries on the north of 
the Mediterranean, then that of northern Europe, and when he reached 
the summit he found the Lapland plants. Humboldt found that on 
all mountains there occurs such a representation of diffsrent floras, and 
that particular alpine forms are found almost over the whole world at 
a particular elevation. 

1619. The relation between latitude and altitude is seen in the 
following table, which gives the limits of certain trees in both points 
of view : — 



Latitude. 

Eleration on the 
Onmiel. 

Fagus sylTatica, Beech 

60" N. 

3232 feet. 

Quexcus Robur, Oak . 

OoryluB Avella^, Hazel 

61' 

2624 „ 

63' 

3478 „ 

Prunus Cerasus, Cherry 

— 

8478 „ 

Abies excelsa. Spruce 

67*40' 

5068 „ 

PinuB Bylrestris, Scotch Fir 

70^ 

5927 „ 

Betula alba, Birch 

70" 40* 

6479 „ 


1620. On the lofty mountains of South America and Asia we are 
enabled to trace the various forms of vegetation very distinctly. The 
following are the elevations of some of these mountains : — 


Peaki oa the Andes. 

Pesyacassada 19,570 feet. 

Pescabesado . 21,100 „ 

Chimborazo 21,441 „ 

niimani 24,350 „ 

Sorato 25,400 „ 


Peake on the Himalaya. 


Oossain Than 

24,700 feet. 

Nanda Perl 

S5,749 

}i 

Cholo 

86,000 

if 

Phavala Giri 

87,060 

if 

Kinchin-junga . 

88,178 



Einchin-junga, in the snowy ranges of the Sikkim Himalaya, is, accord- 
ing to Hooker, the highest mountain in the world. 

1621. Humboldt^ in describing the South American alpine flora, 
says — “In the burning plains scarce raised above the level of the 
Southern Ocean, we find Musaoeas, Cycadacead, and Falmad, in the greatest 
luxuriance ; aft^ them, shaded by the lofty sides of the valleys in the 
Andes, arborescent Ferns ; next in succession, bedewed by cool misty 
clouds, Cinchonas appear. When lofty trees cease, we come to Andias, 
Thibaudias, and My^e-leaved Andromedas ; these are succeeded bjj^ 
Bejarlas abounding in resin, and forming a purple belt around the 
mountains. In the stormy region of the Paramos, the more lofty 
plants and showy flowering herbs disappear, and are succeeded ly 






ALTITUDlKAIi SOITBS OF VBaWATION. 


1005 


large meadowB cowed wifli GhMses on which <he Uamn ieeds. We 
now reach the bare trachytio rookS) on which the lowest tribes of plants 
flourish. Pannelias, Leoideas, and Lepraiias, with their many-coloured 
thalli and fructification, fonn the flora of this inhospitable sone. 
Patches of recently fallen snow now begin to cover^ the last effiarts of 
vegetable life, and then the line of eternal snow begins.” 

1622. This vegetation is illustrated in the map (woom^ying 
t|iia volume), which shows the distribution of plants m e<juinoctial 
America, according to elevation above the level of the sea. Begin- 
ning with subterranean plants, such as species of Tuber and Byssos, 
we then have the region of Palms and Bananas extending from the 
level of the sea to 2952 feet, which is above the level of ^e inferior 
limit of Cinchona-bark trees. We next come to the region of arbo- 
rescent Ferns, extending from 1322 to 4920 feet. The region of the 
Cinchona-bark extends from 2296 to 9512 feet. The region of the 
Wax Palm reaches from 5904 to 9184. Near the upper limit of Cin- 
chona we meet with the regions of Winters, Escallonia, Bamadesia, 
and Doranta ; we are here above the limit of great trees. The Gen- 
tian, Chuquiraga, and Espeletia region extends from 6560 to 18,448 feet; 
the region of Grasses from the latter height as far as 15,088 feet ; and 
this is immediately succeeded by the region of Lichens, which reaches 
to 16,072 feet. The upper limit of the Mimosa sensitiva is marked at 
about 7000 feet, and that of shrubby plants at about 11,000 feet. By 
consulting the map, as giveh by Humboldt, the genera characterising 
the different regions will be seen. 

1623. On the Mexican volcano of Orizaba the following regions 
have been observed ; — 1. Hot region, 0-3000 feet, characterised by 
trees of Mimosa, Bombax, Citrus, and Combretum, 2. Warm moist 
region, 3000 to 6000 feet, a rich botanical region exhibiting forests 
of Lauracece, Myrtacea^, Anacardiacese, Malpighiacem, and Anonacem, 
with numerous woody and herbaceous Lianas ; Coffee and Cotton are 
cultivated up to 4000 or 5000 feet. Sugar and Bananas up to 5500. 
3. Begion of Oak forests 6000 to 7800 feet, exhibiting species of 
Quercus, Alnus, Ulmus, Clethra, also Ferns, Orchids, and, at the upper 
limit, Yaocinium and Andromeda. 4. Coniferous region, 7800 to 
11,000 feet, in which occur Pinus leiophylla, P. MontezumsB, Abies 
religiosiu 5. Re^n of the Stevias, 11,000 to 13,600 feet, species of 
Composite, Cnu^ersB, Caryophyllacess, Umbelliferm, and Rosaceas. 
6. Alpine mountain plains, 13,600 to 14,800 feet, in which Grasses, 
Mosses, and Lichens abound ; among the last Phanerogamous plants 
are PhaceUa lactea, Cnicus nivalis, Draba vulcanica, and specie of 
OastiUeia, Saussurea, and Arenaria.* 

1624. Madden ai^ Strachey give the following account of the Hima- 

layan vegetation, proceeding from the pliuns of &dia through Eemaon 
to Thibet Ascending, we find forms of temperate climates gradually 

• I4ebattMiABolttiiidi6Z4toag^l84^ 
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introdi:^ above 3000 fbet» as seen in q>eoies of Pinos^ Bossi Bobos, 
Qoarons, Berboris, Frimola, <&c. At 5000 feet the arboieoos vegetataon 
of the plams is altogether superseded bj sooh trees as Oaks, Bhododen- 
dron, Andromeda, Cypress, and Pine. The first ridge crossed ascends to 
a height of 8700 feet ina&tanceof not more thanlOor 13 miles from 
the termination of the plains. The European character of the vegeta- 
taon is here thoroughly established, and although ^>ecific identities are 
comparatively rare, the representatiTe forms are most abundant From 
7000 to 11,000 fek, the region of the alpine forest, the trees most 
common are Oak, Horse-chestnut, Elm, Maple, Pine, Yew, Basel 
growing to a large tree, and many others. At about 11,500 feet the 
forest ends, Picea Webbiana and Betula Bhojpatra being usually the 
last trees. Shrubs continue in abundance for about 1000 feet more ; 
and about 12,000 feet the vegetation becomes almost entirely herbace- 
ous. On this southern face of the mountains the snow-line is probably 
at about an elevation of 1 5,500 feet. The highest dicotyledonous plant 
noticed was at about 17,500 feet, probably a species of Echinospermum. 
An Urtica also is common at these heights. The snow-line here recedes 
to 18,500 or 19,000 feet. In Thibet itself the vegetation is scanty in 
the extreme, consisting chiefly of Caragana, species of Artemisia, Astra- 
galus, Potentilla, a few Graminess, &c. The cultivation of Barley 
extends to 14,000 feet. Turnips and radishes on rare occasions are 
cultivated at nearly 16,000 feet. Yegetatioa ends at about 17,500 
feet, scanty pasturage being found in favoured localities at this eleva- 
tion; and the highest flowering plants are Corydalis, Cruciferse, 
Nepeta, Sedum, and a few others.’’ 

1625. Madden observed on the Himalaya, at Kemaon, such northern 
forms as Pines, Firs, Cypresses, Yews, Oaks, Maples, Hazels, Ash, and 
many deciduous trees of cold climates, associated with Palms, Bamboos, 
and Bananas. Among the Palms may be noticed Fhosnix humilis, 
which extends to 5500 feet of elevation, and P. Khasyana, feom 6-8000 
feet. Among the Bamboo forms are mentioned Arundinaria falcata 
from 3500 to 8500 feet, A. utilis from 7-9000 feet, and other species, 
which extend to 11,500, and are thus associated wilb all the Himalayan 
Goniferss, except Pinus longifolia, which does not reach such an eleva- 
tion, its limit being about 7000 feet. A species of Musa ascends on 
the eastern BUmalaya, north of Assam, to 7000 feet.* On the moun- 
tains of Mexico we meet with a Palm, Corypha dulcis, mixed up with 
the ferests of Pinus occidentalis. On the Andes, the Wax Falqi, 
Ceroxylon Andicola, reaches the elevation of 9500, and along with 
Chusquea (a Bamboo form) is associated with representatives of 
northern pl^ts. On the Himalaya, at Kemaon, an erect tree Juniper, 
firutiicose Bhododendrons 8 feet high, Betula, Salix, and Pyrus, ascend 
to 15,000 feet in fevouraUe situations, but iML are stunted. LemioersB 
are the commonest shrubs at 14,000 feet, along with species of Bosa 
and Bexberis. 

* MtAUn «a da oeearvenoe of rAlau «aS BMtt b oo«t inih Pinti, m tbe Hiawtoyo 
Tmm. B at. Boo. Edia. IMS An« k.* •a— 
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1636. Thomsoii) In his Thibetan trsTels, gives a fall acoonnt ef 
the vegeiaiion of the mountains in that quarter. In speahing of 
Western Thibet,* he lemarks, that the chain to the south of the 
Chenab river, rising to an elevation of 15,000 feet, excludes a con** 
siderable quantity of humidity from the valley of that river, and the 
vegetation, although not altogether losing its tiuly Himalayan character, 
becomes much modified. Thus the Oaks, Bhododendrons, and Andro- 
medas, so oonmion on the southern mountains, are not found ; while 
frait-tiees become more abundant, and the Grape Vine ripens its fruit 
admirably* Pasring to the north, the next ridge that is crossed 
reaches a height of 20,000 to 22,000 feet, the passes being usually 
upwards of 18,000 feet in elevation. To ^e north of this range the 
climate and vegetation suddenly changes, and the Thibetan types are at 
once established. The general character of the flora is Europeo* 
Siberian, but much modified by the extreme aridity which almost 
excludes trees and shrubs ; it hardly exceeds 500 or 600 species in all. 
The chief groups are Boraginacece, Chenopodiaoeie, Cruoiferm, Legumi* 
nos» section Ajkragalinen, and Artemisioid Compositse. The few trees 
consist of a Poplar and an occasional Juniper. The more common 
shrubs are Lonicera, Tamarix, Myricaria, and Hippophfie. The hi^ 
alpine herbaceous flora is almost strictly Siberian, and is a little more 
varied and inferior than in other parts of this region, fr^ the additional 
moisture derived from the melting of the snow. It extends sometunes 
even to a height of 18,500 feet.^^ Thomson noticed Biebersteinia 
odora on the Boonung Pass in Kunawar, at 14,200 feet. Just below 
where the glacier terminated, a minute Astragalus was seen, with a 
Lychnis and two Grasses, and these were soon followed by a Nepeta, 
four species of Potentilla, a Fern, a Gnaphalium, and two Carices. 
These may be considered specimens of the most alpine vegetation on 
some of the mountains of India. On the Sikkim Himalaya Hooker 
found herbaceous plants sufficiently abundant in certain i^ts at 18,000 
feet, and shrubby ones, as Lonicera and Bhododendron, at 17,000, 
along with Gnaphalium and Ephedra. A species of Urdca attains 
this elevation, as well as Zannichellia and Banunculus. Compositae 
are among the most alpine, this order being represented by species of 
Qmq)halium, Saussurea, Artemisia, and Erigeron, at 17,000 to 17,500 
feet, together with Astragalus and Valeriana.-}* 

1627. Ou the mountains of Kurdistan the following zones have 
been observed 1, From the plains of Mesopotamia to the height of 
1000 feet 18 the zone of Glycyrrhiza, Bobinia, Nigella damasoena, 
Wild Vine, Pistachio, Oleander, Bosa, Plane-tree, Syringa argeatea, 
and the country of Bice, Grapes, Melons, Maize, &o. 2. Frmn 1000 
to 4000 feet, the zone of Querous ASgilops and infeotoria, and ottkor 
Oaks, and tibe country of Peaw, Apples, Plums, &c. 8. From 4000 

* fiui. Bni. Anoe. 1 S 51 , p. 78 . 
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to 5000 fidet, the ssone of Lonicera alpigena, Jamine, Amygdalos 
oaaa and Aatragalafi venis. 4. From 5000 to 7000 feet, tiie a<me of 
Astragalus Tragacantha, Bbamuus saxatalis, Paeony, Fennel, Primula 
Attricula, Granthis hyemalis, Crocus alpestris* 5. From 7000 to 9000 
feet, the zone of Sazifeages, Alchemilla alpina, Gentiana asclepiadea, 
Veronica aphylla and saxatilis, and Polytrichum septentrionale. 

1628. If we examine the vegetation of the mountains of Europe we 
shall find a series of similar changes. In the regions of the plains and 
lower hills of the Alps, extending to 1700 feet, the Vine grows ; to this 
succeeds the zone of Chestnuts, which extends to 2500 feet ; the zone of 
the Beech, and of the higher dicotyledonous trees, reaches from 2500 to 
4000 feet ; we then come to the sub-alpine region, the zone of Conifern, 
extending to about 6000 feet, in which are found the Scotch Fir, the 
Spruce, file Larch, and the Siberian Pine, along with certain sub- 
alpine forms of herbaceous plants ; next comes the alpine region, or the 
zone of shrubs, extending to 7000 feet, characterised by Bhododendron 
hirsutum, and B. ferrugineum, which represent the Bejarias of the 
Andes ; finally, we reach the subnival region, extending to 8500 feet, 
and comprehending the part between the limits of shrubs and the snow- 
line, where we meet with numerous species of Banunculus, Draba, 
Saxifraga, Gentiana, Primula, and Poa, besides other genera Mongmg 
to Banunculace®, Crucifer®, Caryophyllaoe®, Leguminos®, Composit®, 
Gramine®, Lichenes, and Musci. On some of the Alps we find flower- 
ing plants reaching to the height of between 10,000 and 11,000 feet 
or more. Schlagintweit* found, on the central and southern Alps, at 
from 10,650 to 11,700 feet, Androsace glacialis, A. helvetica, Ceras- 
tium latifolium, Cherleria sedoides. Chrysanthemum alpinum, ^ntiana 
bavarioa, Banunculus glacialis, Saxifraga bryoides, S. oppositifolia, and 
Silene acaulis. The extreme limit of Mosses in the Alps is in general 
little above that of Phanerogamous plants. The last Lichens are to be 
found on the highest summits of the Alps, attached to projecting rocks, 
without any limitation of height. 

1629. On the Pyrenees the following zones are observed : — 1. The 
z<me of Vine and Maize cultivation, and of the Chestnut woods. 2. 
A zone extending from the limit of the Vine to about 4200 feet, at 
which limit the cultivation of Bye ceases ; here we meet with Buxus 
sempervirens, Saxifeaga Geum, Erinus alpinus, Arnica montana, &c. 3. 
From the limit of the cultivation of esculent vegetables at 4200 feet, 
to the zone of the Spruce Fir. 4. From the limit of the Spruce Fir zone 
at 6000 to 7200 feet, <diaracterised by the presence of the Scotch Fir. 
5. From 7200 to 8400 feet, is an alpine zone, characterised by the 
dwarf Juniper, Draba aizoides, Saxii^a bryoides^ Soldanella alpina, 
Juncns trifidus, &o. 6. A zone above 8400 feet, exhibits a few alpine 
species, as Banunculus glacialis, Draba nivalis, Stellaria oeraetoid^ 
^droi^ alpina, and Saxifraga grbenlandioa. 


FSMMBgtognirliit Viit«n«chii»gta. 8m A&nalf Nit. Hitt July 18S1, lad Liu. 
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1630. DennondinB, in lus Flora of Uie Pyrenees, mentions tba 


limits of several alpine spedes. 

frendi Veet 

Oochldaria pjrmfticft 5600 to 6000 
Hemiazia pyrenaica « 3000 to 7600 
AatragaluB dopressus 7500 to 8400 
Vicia pyrenaica . . 8600 
Pediei^is pyrenaica 9000 
Aniotangium ciliatum 8400 


Imidireet. 

PannoUa cbxysolouca 6400 to 9000 
„ caitilagmea, 

Vegans, cmerea, 
badia * • / • 

Leoidea geographica . 9000 
Uxnbilicazub oyliiidriiia 6000 to 9000 


MasBot gives the following limits of ligneous plants on the Canigou 
in the PyreneeSy which rises to the height of 9186 feet* 


Veet. 

Cultivation of Olive . . . 1378 
Abundant cultivation of Vine 1604 
EuonymuB euiop»UB ... yy 

Acer monspesBulanum . . *2296 

Attempted cultivation of Vine 2460 
SarothanmuB scoparius . . y, 

AlnuB glutinosa 2624 

Castanea vesca 2624 

Bye harvest middle of July . yy 

OomuB sanguinea .... „ 

Ilex Aquifolium .... 3^0 

PrunuB spinosa 3444 

OratBBgus Oxyacantha . . . 4100 
Bubus fruticoBus .... 4336 
PyruB Aria 6134 


Taat. 

Lonicera Xylosteum * . . ‘6134 
OoiyluB Avdlana .... yy 

Fagus i^lvatica 6324 

Lii^t of cultivation of Potato, 
and Bye harvest in begin- 
ning of September. „ 

Amelanchier vulgaris ... „ 


Populus tremula .... 6380 
Pyrus Aucuparia .... 6029 

PinuB Picea 6396 

Sambucus racemosa . . . 6766 

PinuB Abies 7921 

Genista purgans .... „ 


Bhododendron ferrugineum . 8332 


1631. There are thus in lofty mountain districts evident belts of 
vegetation. At the lower part is the region of Lowland Oultivationy 
where the ordinary cultivated plants of the country thrive. In cold 
regions this is very limited, while in warm regions it is extended ; on 
Teneriffe and ^tna it nses to 3000 feet, and includes the Vine district, 
while on the Andes its limit is from 5000 to 6000 feet. To this 
region succeeds that of Trees. In high northern latitudes, as at 70**, 
it reaches to between 700 and 800 feet; on Mtad, to 6200 ; on the 
Andes to 10,800, and it is marked by Escallonia myrtilloides, Aralia 
avicennifolia, and Drymis Winteri ; on the mountains of Mexico to 
12,000 feet, and is marked by Pinus Montezumas ; on the south side of 
the Himalaya to 11,500, and on the north side to 14,000,— being 
limited on the former by Quercus semecarpifolia and Coniferm, and mi 
the latter by the Birch. On the Pyrenees its limits are marked at 
about 7000 feet by Pinus uncinata, on the Alps at about 6000 feet by 
Pinus Picea, on the Caucasian mountams at 6700 feet, and in Lapland 
at abcmt 1500 feet by the BircL Next in order comes the Shrubby 
region, the limits of which in Europe are marked by Hhododendrons, 
wHch cease on the Alps at 7400 feet, and on the Pyrenees at 8882 
feet; on the Andes it is limited by Bejarias and shrubby Omnporittt, 
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at a heiglit of IS, 420 feet ; om tbe sooth side the Himalaya, by 
rspecies of Juniper, Willow, and Bibes, at an eleyation of 11,500 feet, 
and on the nor^ side by Genista yersicolor, at 17,000 feet. In Lap* 
land, species of Willow and Yaocinium, with the dwarf Birch, reach 
3300 feet As Bhododendron hirsntum and ferrugineum succeed the 
arborescent vegetation of the Swiss Alps, and B. ferrugineum that of the 
Pyrenees, so does B. lapponum succe^ the Conifers in Lapland and B. 
oaucasioum on the Caucasus. The next region is that of Grasses, 
which on the Andes 
and the Himalaya, ex- 
tends to between 14,000 
and 15,000 feet. On 
the Andes the limit of 
flowering plants may 
be said to be at about 
18,000 or 14,000 feet; 
and there we meet 
with the yellow flower- 
ing CompositflB, Culci- 
tium rufescens, 0. ledi- 
folium, and C. nivale, 
along with Sida pichin- 
chensis, Banunculus nu- 
bigenus, and B. Gus- 
manni, Myrrhis Andi- 
cola, and Fragosa are- 
tioides. Saxifraga Bous- ' ( 
singaulti has been found 
on Chimborazo at the 
height of 15,773 feet. In the Mexican part of the tropics the zone 
nearest snow exhibits Cnious nivalis, and Chelone gentianoides ; on 
the cold mountain region of New Grenada we meet with the woolly 
Eqpeletia grandiflora, E. corymbosa, and E. argentea, which represent 
the CulcitiumBof the Andes. Finally, we come to the region of Cryp- 
togamic plants, which extend to the snow-line, Lichens being the last 
pl^ts met witk 

1632. In contrasting the zones of altitude with those of latitude, 
Meyen gives the following regions of alpine vegetation ; — The region 
of Palms and Bananas (equatorial) extending from the sea level to 
1900 feet ; the region of Tree-ferns and of Pigs (tropical) 1900 to 
3800 feet ; the region of Myrtles and Laurels (subtropical) 3800 to 
5700 feet; region of evergreen dicotyledonous trees (warm tempe- 
rate) 5700 to 7600 feet; region of deciduous dicotyledonous trees 

FiK.lS0S. PliB of ttof^numatainittt^ torrid tone»wUk ft fealeiiiSiortiiig the Bnmbor of 
ftftch diririn of tlioioftlo being eqaal to ftbofti 1000 foot. 1, Begion of FaliM. 

Fem. ABegkoftoftlieVi&e. d, liinttof ordiMfylvie tiieft. 6, Unit of Oinehoiift. «,6bvdbb7 
legioii. f, Uegioo of Granci. S, Begton of Upbene. 
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(cold temperate) 7600 to 9500 feet ; region of Abietinew (subarctic) 
9500 to 11,400 feet; region of Bhododendrons (arctic) 11,400 to 
13,300 feet; region of alpine plants (polar) 18,800 to 15,2^. In 
Figure 1806, a representation is given of the forms of vegetation on a 
tropical mountain. No. 1 is the region of Palms and Bananas, which 
is 8000 to 4000 feet above the level of the sea, the temperature 
ranging from 81® to 71°. No. 2, the region of Tree-ferns, reaching 
to about 5000 feet, mean temperature 66°. No. 3 indicates the limit 
of the Vine in lat. 16°.24' S, at about 7000 feet. No. 4, the limit of 
ordinary great trees, mean temperature being 61°. No. 5, limit of 
Cinchona, extending to 9000 or 10,000 feet on the Andes. No. 6, 
shrubby region, marked on the Andes by Bejarias at about 10,000 
feet. No. 7, region of Grasses. No. 8, region of Lichens, and the 
snow-line at about 15,000 or 16,000 feet. 


X— SCHOTJW'S PHYTO-GEOGRAPHIO REGIONS. 

1638. In dividing the globe into Phyto-geographic regions, 
Schouw takes into account the nature of the flora in regard to species, 
genera, and orders, irrespective of the effects they may produce on the 
physiognomy of the country. In constituting a botanical region, he 
lays down the principle that at least one-half of the species and one- 
fourth of the genera should be peculiar to it, and that individual orders 
should either be peculiar to it or reach their maximum in it. He con- 
stitutes 25 Regions : — 1. Region of Saxifrages and Mosses. 2. Region 
of Umbelliferie and Crucifer(e. 3. Region of Labiatm and Caryophyl- 
lacead. 4. Region of Asters and Solidagos. 5. Region of Magnolias. 
6. Region of Camellias and Teas. 7. Region of Zingiberacese. 8. Hi- 
malayan Alps. 9. Asiatic Islands. 10. Mountains of Java. 11. 
Islands of the Paciflc. 12. Region of Balsam trees. 13. The Desert 
Region, 14. Region of Tropical Africa. 15. Region of Cactuses and 
Peppers. 16. Mountains of Mexico. 17. Region of the Medicinal 
Barks. 18. Region of Calceolarias and Escallonias. 19. West Indian 
Region. 20. Region of Palms and Melastomas. 21. Region of Tree 
Composite. 22. Antarctic Region. 28. Region of Mesembryantbe- 
mums and Stapelias. 24. Region of Epacridace® and Eucalypti. 
25. Region of New Zealand. 

1684. Region I. — The region of Saxifragaceie (p. 822) and Musci 
(p. 957), or the Alpine Arctic Flora. — This embraces the north polar 
l^ds feom the limits of ioe to the zone of trees, or what is called the 
Arctic flora, in which Carices abound ; and the upper parts of the 
mountains of Europe and northern Asia from the snOw-line down to 
the arborescent belt, or the Alpine flora, in which Primulaoem and 
Phyteumas are prevalent. The region in general is characterised by 
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the abimdaiioe of Moeseeaiid Lichens, by the presence of Saidfiragaoefs, 
Qenlianaoess, CaryophyllaceiB, Cyperaoeas, and SalioaoesB, by the total 
absence of tropical orders, by a marked decrease in the forms peculiar 
to the temperate zone, by forests of Ooniferae and Betulaoess, by the 
mall number of annual plants and the prevalence of perennial species, 
and by the liveliness of the colours of the flowers. The mean tem- 
perature of the arctic division is 41° to 66°, that of the alpine dis- 
tricts is 36° to 47°. In this region there is no cultivation. 

1635. Region II. — The region of tJmbelliferiB (p. 824) and Cruci- 
fene (p. 758). — This extends over northern Europe and Asia from the 
southern limit of the last region to the Pyrenees, the Alps, the Balkan 
mountains, the Caucasus, and the Altai ; the mean temperature being 
36° to 57°. It is distinguished by the presence of Umbelliferous and 
Cruciferous plants. Coniferse, Amentiferae, Ranunculacesa, Bosaceas, 
and Fungi, are abundant. The trees are usually deciduous. In the 
northern part of this region Cichoracece prevail, while in its southern, as 
in Asiatic Russia, Cynarocephalas, Astragaluses, and Saline plants 
seem to have their maximum. Barley, Oats, Rye, Wheat, and Buck- 
wheat, are cultivated along with the ordinary fruit-trees and culinary 
vegetables of temperate regions. 

1636. Region III. — The region of Labiatm (p. 866) and Caryo- 
phyllaoeaa (p. 767) or the Mediterranean Flora, — This comprises the 
countries of the Mediterranean Sea, Spain, the south of France, Italy, 
Greece, Asia Minor, Egypt, the whole of northern AMca to the Sahara 
and the great Atlas chain, the Canaries, and Madeira. The upper moun- 
tain regions belong to Schouw’s first region and the middle to his 
second. The mean temperature is 54° to 72°. The region is cha- 
racterised by the prevalence of plants belonging to the Labiate and 
Clovewort orders. Species of Compositse, Galiacese, and Boraginaceie 
also abound, and there is an increase in the plants belonging to the 
orders Leguminosee, Malvacem, Solanacem, UrticaceaB, and Euphorbi- 
acesa. Some tropical families are represented by P^ms, Laurels, 
Arums, Pistacias, and Millet. It is the region of evergreen trees. In 
Spain species of Cistus are prevalent, in the south of France and in 
Italy aromatic Labiatae and Scabiosas. Besides the plants cultivated 
in the last region, there are also Rice, Guinea-corn, the Olive, Fig, 
Almond, Orange, and Cotton. Among the plants of the Mediterranean 
flora, requiring both a warm summer and a warm winter, may be 
enumerated Oleander, Aloe, Chamserops humilis, Phoenix dactylifera, 
Capparis, Ceratonia Siliqua, Cyclamen Clusii, Omithogalum arabi- 
oum, arborescent species of Dianthus, several Ferns; and of cultivated 
plants, Ricinus communis. Egg-plant, Hibiscus esculentus. Capsicum, 
Acacia Famesiana, Phaseolus Caracalla, Sterculia platanifoUa, and 
Schinus Molle. In the island of Madeira we meet with Erica arl^rea, 
Vaccinium maderense, and many peculiar species. Of 596 species in- 
habiting Madeira and Porto Santo 108 are endemic, and of the 108, 
28 are common to Madeira and the Azores. Of the Azorean q)eci<M 
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i-5tihB ^ European, and may have been carried by man; of the 
remaining fifih nearly the whole are peculiar to the Azores or to the 
arohipelagD of the Atlantic Islands, which includes also Madeira and 
the Canaries. In the latter we meet with Finns cana riens is. 

1687. Region IV.—The region of Asters and Solidagos.— This 
extends over the northern part of North America from the limits of 
the first region to the parallel of 36° north. Besides the number of 
species of Aster and ^lidago (belonging to CompositsB, p. 836), this 
region is marked by a great variety of Oaks and Firs, by numerous 
species of Vacdnium, by the smallness of the number of Cruciferss, 
Umbellifera^, Cinohonaceas, Oynarocephalie, and by the absence of the 
genus Erica. The mean temperature is 54° to 72°. In the north- 
ern part of the region there is no cultivation. In the southern the 
cultivated plants are smdlar to those of the second region, and Maize 
is very frequent. 

1638. The Californian and Oregon districts, to the west of North 
America, constitute a region not yet fully explored. Many showy 
Polemoniaceas are found here ; also Eschscholtzia califomica, species 
of Platystemon, Nemophila, Gilia, CoUinsia, Clarkia, Bartonia, and 
Eutoca. Many interesting ConiferaB also occur, such as Abies Douglasii, 
Pattoniana, nobilis, amabilis, grandis, lasiocarpa, Pinus Lambertiana, 
Sabiniana, insignis, Jeffrey!, ponderosa, monticola, califomica, Pre- 
montiana, Coulteri, flexilis, muricata, tuberculata, Libocedrus decurrens. 
Thuja gigantea, Sesquoia gigantea, Juniperus dealbata and occidentalis, 
Castanea chrysophylla. In the upper Oregon districts Qeyer enumerates 
UmbellifersB, Scrophulariaceae, Asphodeless, Polemoniacese, Boragi- 
naceae, Vacciniacew, Ranunculace®, Cruciferie, Onagracew, Bosacece, 
Polygonaceee, Labiat», Caryophyllacere, Compositae, GramineaB, species 
of Mahonia, Lewisia, Geranium, Ribes, Lobelia, Clintonia, Pentste- 
mon, Camassa, Horkelia, and Eriogonum. The bulk of the wood in 
up^r Oregon is composed of Pinus ponderosa, and along with it occur 
Abies ^ balsamea, canadensis, Douglasii, nobilis, and alba. In the 
bas^tic plaiiu of upper Oregon, Geyer says there are no Papaveraoeaa, 
Urticaceas, Yiolaceaa, Yitaceas, SolanaceaB, Jasminaceae, Amaranthaceae, 
Eleagnace®, Oxalidaoeae. Yivid colours mark this region. Blue and 
purple eastward; scarlet with golden-yellow westward; glaucous 
^een reigns in the herbage over the plains ; deep saturat^ green in 
me valleys. In Yancouver's Island, there are many interesting 
Pines and Oaks, also Rhododendron macrophyllum. 

1639* Region Y.-— The region of Magnolias (p. 750). — This 
mbr^ the southern part of North America between the parallels 
of 30 and 36 . Here we meet with numerous tropical forms, as Zin- 
^beracem, Cycadacess, AnonacesB, Sapindaceae, Melastomacefe, and 
^M5tao^ Pr^ the corresponding latitudes in the Old Worl^ it is 
nnrther distingnished by a smaller proportion of Labiatsd and Caryo^iyl- 


Hooker'^ lonraal of Bottoy, 1846, H m; . 
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lueeie) mi bj haying more trees with broad shining foliage and showy 
blossTOSy snoh as Magnolia, Liriodendron, iSscnlns, and with pinnated 
leaves, as Bobinia, Gleditschia, and Acacia. Mean temperature 59^ 
to 72®. The cultivated plants are the same as those of Schouw's 8d 
region ; Bice is a common grain here, and the Sngar*cane and Cotton 
are prc^uctive. 

1640. Beqion VI. — The region of Temstroemiacese (p. 778) and 
Celastracem (p. 794) or the Japanese region. — This extends between 
the parallels of 80® and 40® north latitude, and embraces Japan, the 
north of China, and Chinese Tartary, constituting the eastern tempe- 
rate parts of the Old World. The flora seems to be intermediate 
between that of the Old and the New World. The vegetation is more 
tropical than European, for we meet with Zingiberacefle, Musacea, 
Palmse, CycadacesB, Anonacess. The genera Camellia, Thea (Figs. 
1420 and 1421, p. 773), Citrus, Bhamnus, and Lonicera, are abund- 
ant. Among the more characteristic species are Eriobotrya japonica 
the Loquat, Cryptomeria japonica, Salisburia adiantifolia, Pseonia 
Moutan, Anemone japonica, Stillingia sebifera the Tallow-tree, Cam- 
phora officinalis. Azalea sinensis, Wistaria sinensis, Gossypium reli- 
g^osum, Enkianthus quinqueflorus, Cymbidium sinense, Finns sinensis, 
F. Jezhensis, Junipems rigida, J. chinensis, Podocarpus Nageia, and 
species of Biota. The mean temperature is 54® to 68®. The culti- 
vated plants are Wheat, Barley, Oats, Bice, Millet, and Buckwheat, 
the ordinary fruits of temperate climates, along with the Orange, 
Melon, and Cotton. 

1641. Begion VII, — The region of Zingiberacees (p. 921) or the 
Indian Flora. — This embraces India, the island of Ceylon, and the south- 
eastern peninsula, to the height of 4500 to 5500 feet above the level 
of the sea. There are here numerous species belonging to the Ginger 
order as well as to Leguminosce, CucurbitacesB, and Tiliaceas. The 
Coco-nut, Mangosteen, Turmeric, Cinnamon, Cotton, Indigo, Clove, 
and Pepper, are abundant. In the island of Ceylon we meet with 
Salvadora persica, Feronia Elephantum, Thespesia populnea, Chlo- 
roxylon Swietenia, Schleucheria trijuga, and Borassus flabelliformis. 
Bice and various kinds of Millet and Guinea-corn are cultivated in 
this region. Mean temperature 65®.75 to 81®. 50. 

1642. The south of China and Cochin-China may be considered 
as a distinct region. It partly resembles that of India, but contains 
many peculiar plants. In the island of Formosa occurs Aralia papy- 
rifera the Bice-paper plant ; near Hong Eong are found Chirita sbensis, 
Bhodoleia Championi, Arundina smensis, Spathoglottis Fortuni, Cun- 
ninghamia sinensis, Olea fragrans. Campanula grandiflora, Brassica 
chinensis, Enkianthus reticulatus, and the litchi and Longan fruits. 

1648. Bbgion VIIL — The Emodic region. — ^This embraces the 
alpine region of India south of the ridge of the Himalaya, including 
Sirmore, Gurwal, Eemaon, Nepal, ^d Bhotan, to a h^ht of from 
4500 to 10,700 feet above the Wvel of tbe sea. Some European 
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ipedM mm^wiik in Ugh dktrietB, for instance, Battirntmiii* 
iorieretas, Kastiirtititti (rfBoinrie, Veronlee Anageffis, and Polygonntn 
Oedma DeodtrT Pinna excelsa, P. tongUblia, Pieea 
Webbiaaa, and other Conifom, along with ChatnaeropB Khasyana, 
species of Oak, Dammar, Bhododendnm, Berbeiis, Primula, *c., also 
occur. In the lower parts of the region tropical plants grow* 
The mean temperature is 87® to 66®. Many European grains and 
fouits are cultiyated along with mountain Bice* 

1644. Bboion IX. “The region of the Asiatic Islands.*— This 
ocsnprises the mountainous districts of the islands between the south** 
eastern peninsula and Australia, to a height of 5500 feet above the 
level of the sea. Myristica moschata, Dryabalanops Oamphoi^ and 
Dmnmara orientalis, grow in this region. Much of it is still un- 
explored. The same plants are culdvated as in India, and we also 
find Oarica Papaya (Fig. 1494, p. 815), Artocarpus incisa (Fig. 
1658, p. 890), Jatropha Manihot, Broussonetia papyrifora, Gossy- 
pinm vitifolium. The mean temperature is 66® to 84®. 

1645. Bboion X. — The region of Upper Java. — This compre- 
hends those districts of the island of Java, and probably also the 
numerous islands of the Asiatic archipelago, having an al^lute ele* 
vation of 5500 feet above the level of the sea. Little is known in 
regard to the vegetation. 

1646. Bboion XI. — The Polynesian region. “This comprises all 
the islands of the Pacific ocean within the tropics. Among the plants 
of this region may be mentioned Artocaipus incisa, Tacca pixmatifida 
the Pia, which yields a kind of Arrow-root, Cocos nucifera (Fig. 166, 
p. 70), Lodoicea seychellarum (Fig. 1277, p. 640), Jambosa malao* 
censis the Ohiaai, and many species of Arum, Dioscorea, Musa, and 
Ficus. The genera DissochsBta, Orophea, Fterisanthes, Aithrophyllum, 
and Visenia, occur in this region. The mean temperature is 72® to 
82®. Many valuable fruits are cultivated as food. In the Sandwich 
Islands, belonging to the Hawaiian group, nearly one-third of the vege- 
tation is composed of Ferns. There are three Palms, the Coco-nut and 
two species of Livistona. The rest of the flora oonsists of Myrtles, 
Grasses, Sedges, Mimosem, and Arums. Acacia heterophylla, called 
Koa, yields durable timber. The root of Dracmna terminalis, called 
Ki, is eaten. The fruit of Physalis pubeBcens is used ; also the firuit 
of Fandanus odoratissimus, called Lahala ; that of Osteomeles anthyl« 
Hdifolia, theUlri ; tfiat of Morinda dtrifolia, the Noni; and that of Morus 
indica, the Kihca. Colocasia esculenta, the Kalo, is used as a vege*» 
table. Cloth is made from Broussonetia papyrifera and Boehmeris 
alHda, cordage from Paritium tiliaoeum, water-flasks from Lagenari* 
^gai^ and Mac^piper methystioum is the great remedy for dhnases. 
Peculiar Composite, Lobeliaci^ Goodeniacem, and CS^iandreie. are 
met with in those iriands. 

1647. Bboion XIL — The region of Amytidacem (p, 798).«^ 
This uufiudes the south-western part of the highlands of iMbia. In 

9v 
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die itfe umy trees yielding gam end bekuaie reu% iraoh m 
wpmBB Himo6% Acacia, Balsamodendron, and Amym. OoffiM and 

Sexuttdte-plant occor here. In this district are cultivated Mame 
and Millet, the Date, the Vine, Sugar-cane, Cotton, and Indigo. 

1648. Bboiok Xm. — The Desert region. — This compretumds 
northern Africa, to the south of the Atli» Mountains, betwe^ lat 
15"^ and 30° north, and the northern part of Arabia. Phoenix dec- 
tylifera (Fig. 1743, p. 934) and Hypheene thebaica (Fig. 1745, p. 935) 
are charaoterisiio plants of the region. The cultivation of Gbinea- 
eom, Wheat, Millet, and other grains of the south of Europe and India, 
is confined to the banks of the Nile and the Oases. The mean tem- 
perature is 72° to 86°. 

1649. Beoion XIV. — The re^n of tropical Africa. — This com- 
prises that part of Africa which lies between 15° north latitude and 
the Tropic of Capricorn, or more correctly, between the northern and 
southern limits of periodical nuns, with the exception of Abyssima 
and the unknown countries of the interior. On the western part of 
this region, Elais guineensis the Palm-oil plant (Fig. 82, p. 37) , and 
Adansonia digitata the Baobab (Fig. 176, p. 73), grow. Vogel 
noticed near Gape Coast Castle, Arachis africana, Bignonia tulipifera, 
Euphorbia drupifera. Hibiscus populneus, and Bligbia sapida the 
Akee. He also mentions in this West A^oan flora, Saroocephalus 
esculentOB, Schmidelia africana, Borreiia kohautiana, and a species of 
Stylosanthes. On the coast of Guinea and Congo, the flora is inter- 
mediate between that of America and Asia, but chiefly resembling the 
latter. Species of Sorghum, Sterculia acuminata the Kola-nut, and 
tbe Poison-bean of Calabar, belong to this region. Near Abbeokouta, 
Dr. Irving noticed in cultivation, Cotton, Indigo, Tobaccn, Sugar-cane, 
Ginger, Yams, Cassada, Bice, Maize, Guinea-corn, Arrow-root, 
Bananas, Coco-nuts, Fapaw, Oranges, Pine-apples, Bamboo, and Hi* 
biscus esculentus or Ochro. On the eastern part of this region, which 
includes Madagascar, we meet with Tanghinia venenifera, species of 
Ambora, Danais, Didymameles, Dombeya, Dufourea, and Senaoea. 
The mean temperature of the region is 72° to 86°. 

1650. Beoion XV. — The region of Cactacesd (p. 819), and Pi- 
peraceas (p. 894). — This embraces Mexico, Guatemala, the Isthmus of 
Panama, and South America as frr as the river Amazon, and to an 
elevation of 6500 feet above the level of the sea, between lat, 30° N. 
and the equator. Guiana, New Grenada, and cestain parts of Peru 
are included. Cactuses and Peppers abound in this region. See- 
mann says that the Isthmus of Panama is characterised in part by 
the leaves of the plants being covered with hair and tomentom, 
by tiie abundance of greenish, yellow, and white flowers, and by the 
numerical superiority of Leguminosse, MelastomaoeiB, Cmnpositas, Cin- 
chonaoete, Orchidaceie, and Filices. In the murthcon part of South 
America, Mauritia flexuosa, the Murichi or Ita Palm, is found. In 
this region, as well as in the whole of the warm parts of eastern 
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Saatb A]»«ri«iy Victoria rjgb (Fig, 2B5, p. 107) <ieom. PkyUiW* 
phas siAorocaipa, tibe vegetable ivory pal% is a natfve of Colmabia 
and Pem j Hxaaboldt Icnind it in New Grenada, and on the banks of 
the Magdalena rivers Anona Oherimdia yields the Gherimoyer, a 
famous Peruvian Onit. Many tropical plants are cultivated here, 
snob as Maize, Guinea-corn, Yams, Plantains, Coco-nut, Chocolate, 
Yanille, Sugar, Coffee, and Cotton. 

1651. Begiok XVI. — The region of the Mexican Hi^IandSi*^ 
This embraces the districts of Mexico which have an elevation of more 
than 5500 f^t above the level of the sea. Some importaBt Coni&ris 
are met with here, such as Finns religiosa, P. apuloensis, p4 Hartwegii, 
P. Montezumsd, and Taxodium distichum. The mean temperature is 
64*" to 78*". Maize and many European grmns and plants are cultivated. 

1652. Region XVII. The region of Cinohonas or medicinal 
Bark-trees (p. 829). This comprehends the Cordilleras of South 
America, between the parallels of 5^ N. lat. and 20"^ S. lat., at an 
elevation ofSOOO to 9600 feet. The mean temperature is 59° to 68°. The 
Cinchona region is seen on Humboldt’s map, which is appended. Here 
the various Mnds of yellow, red, and pale Bark thrive. In the lower 
part of the re^on Coffee and Maize are cultivated, and in the higher 
regiims the European grains and fruits, along with the Potato and 
the Chenopodium Quinoa. Ceroxylon Andicola (Fig. 83, p, 87) is also 
found in this region of the Andes. 

1653. Region XVIII. — The region of Escallonias (p. 822) and 
Calceolarias (p. 866). — This comprises the highest districts in South 
America above the upper limit of Oincbonas. Theenean temperature 
varies from 59° to 84°. Besides Escallonias and Calceolarias, we 
meet with many alpine plants, such as species of Gentiana, Ranunculus, 
Saxifraga, Stellaria, Draba, Potentilla, Lobelia, Geranium, Salvia, 
Tussilago, Espeletia, Aster, also Drimys Winteri, Junci, Carices, and 
Grasses. 

1654. Region XIX. — The "West llidian region. — This region 
comprehends the West Indian Islands, the flora of which may be said 
to be intermediate between that of Mexico and the northern parts of 
South America. Ferns and Orchids prevail. Mean temperature 59° 
to 78 • Many tropical fimits are met with, such as Mango, Guava, 
Banana, Avoc^o-pear, and Custard-apple. The cultivated plants are 
the same as those in the 15th region. 

1655. Region^ XX. — Region of Palms (p. 934) and Melastomas 
(p. 808).— This comprises that part of South America to the east of 
^ Andes which lies between the equator and the tropic of Cf^coru. 
Mean temperature 69° to 82°. Here we have the luxuriant BnudHan 
flora, as illustrated in Humboldt’s map j Palms, Melastomaceaa, Myiv 
tacess, Tree-ferns, and Crotons, form the thick underwood, a nd bexmatii 
<h^ delicate herbaceous Ferns. Dorstenias, Heliccmias, with a £Sir 
tell Grasses, are found in the open parts. Arborescent Bobknnm, 
Vemonias, and large Comporitie, species of Ficus, Lanins, OlunB^ 
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Tit<timdm» Solandra, and Ftiduna oocdr^ Gaidner III 

pboe of ^ few Hoeses and Liohens whio]i ccnrer the tntnl^i andlxmgiii 
of forest trees of temperate climes, in &adl they saw bearded 
ftom tiie roots to the very extremities ctf the smallest branches, with 
Fenm, Araceia, TOlandsi^ Cactuses, Orchids, Peperomias, Oef^ras, 
aod other epiphjiio plants. Many large tranks are enciicled with 
twining stems of Bignonias, and sbrabs of similar habit ; 8ie 
brancl]^ of which frequently become thick, and compress the tree so 
much, that it perishes in the too close embrace/' On the mountains 
of Hinas Goraes, species of Yellozia, Lichnophora, and Eriocaulon, 
give a peculiar feature to the vegetation. Tropicid plants are enl- 
tivated. 

1656. Reoion XXI. — The region of arborescent Composit®. — 
This embraces South America on both sides of the Andes feom the 
tropic of Capricorn to lat. 40° south. In it are included the southern 
part of Bra^, La Plata, and Chili. Mean temperature 59° to 75°. 
In many respects the flora resembles that of the mountainous districts, 
in the presence of Calceolarias, Escallonias, species of Weinmannia, 
Buddlea, and Campanula. In Chili there are many genera which 
also are represented in Australia and at the Cape of Good Hope; 
among which may be noticed Protea, Ghinnera, Goodenia, Aranca^ 
and Andstrum. Araucaria imbricata, the Banksian or Chili Fine, 
is a hardy Conifer of this district, extending on the Chilian Andes 
from 37° to 40° 8. kt. Thuja chilensis occurs on the mountainB of 
south ChilL In this region we also meet with Thtga tetragona Ihe 
Alerse of Chili, and Podocarpus chiliana. Araucaria bra^ana is 
found on the mountains near Bio Janeiro in the province of St. Pauls. 
Many European plants are cultivated; among others. Wheat, the 
Vine, and the Peach. 

1657. Region XXII. — The Antarctic region. — ^This embraces the 
southern part of America, the straits of Magalhaens, Tierra del Fuego 
or Euegia, the Falkknd Islawls, and others more to the south. Mean 
temperature 41° to 46°. Many mountainous plants are found in this 
region. The vegetable forms of the north temperate and arctic zones 
prevail. Species of Saxifraga, Genliana, Arbutus, and Primula, with 
many otker European genera, abound. In Fuegia the Evergreen 
Beech, Fagns Forsteri, which never sheds its coriaceous foliage, is a 
very prevalent tree, also the Dedduous Beech, Fagns antarotioa, the 
leaves of which change colour and fall, and Drymis Winteri (Fig. 
1858, p. 750). These three trees occupy exactly the same position 
in Fuegia that the Birch, Oak, and Mountam Ash do in Scotland, 
The vegetation of Fnegk includes a number of British plants, though 
106 degrees of ocean roll between, and some of the spedes in question 
inhabit no intermediate latitudes. The genera are in a great measure 
identfoal with those of Brittin. Fuegia is the native place of the 
FneMa. In the Falkland Islands there are about 190 flowering 
plants, <xmriBting chiefly of those found on the mountains of Fuegia, and 
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cntite»i»a<XMit«iidpl^ GnwwaiidBolaxj^bwi* 

ibe 9alM{a4Mig (one of the UmbeOifi^), fonn ohief botanioal 
SMtorea* Deolyas oiee^tosa, the TuflWM^gFm (Fig. 17S7, p. 9i9), 
eppeaiBy Hodcer remuks, like a fDieel of misiataie Falme. Xt Ibnoe 
alxnit six &et Ugb) and 4*d in diameter) some of tbe blades 
of grass being six feet long. Bolax glebaria forms bard hnminoolM 
four feet high and tbe same diameter, which gi’^ out a bahnxnin 
resinous smell. Their fonn occurrence on this barren soil has 
given rise to the name of Misery-balls. Axncmg shrubby plants may 
be noticed Veronica elliptioa and decussata, Chiliotriohuin amellciideS^ 
Empetnim mbrum, and Pemettia empetrifolia. Of Ferns, liomaria 
alpina and L. magellanioa are found. Lichens abound, and the 
ITsnea melaxantha forms a miniature shrubbery on the rocks. In the 
islands farther south, Mossps and Lichens form the ohief flora. 

1658. Begion — The region of Mesembryanthemums (p. 

818) and Stapelias (p. 852). — This embraces southern AiHea 

the tropic of Oapricorn to the Cape Coast. Mean temperature 55^ to 
73*’. Asides i^cies of Mesembryanthemum and Stapelia (Fig. 1570, 
p. 852), there are a prodigious number of species of Erica. The latter 
genus attains its maximum here. We also meet with species of Gna* 
phalium, Elichrysum, Pelargoxnum, and Aloe, with plants belonging 
to the orders Iridacese, Bruniacese, and Selaginaces. Paohylepis cu- 
pressoides and P. juniperoides are Cape Conifers. Thaliotrum caf- 
frorum and Conium afiricanum are South African species. On Table 
Mountain at the Cape, peculiar species of Disa are found. Many 
European grains and fniits are in cultivation along with Sorghum 
caffix>ram and Convolvulus Batatas. In Natal, where the mountains 
rise to nearly 10,000 feet, Krauss distinguishes a coast or forest region 
where species of Bhizophora, Avicennia, Ficus, Tabemcemontana,^ 
Zygia, and Phoenix reclinata, are found ; a hilly pasture region with 
species of Acacia, Aloe, Euphorbia, Andropogon, and tropical Iiegu- 
minosss, Labiatie, AcanthacesB, and Scrophulariacem ; a mountainous 
region with species of Podocarpus, Ixia, Hypoxis, Watsonia, also 
Ferns, Cyperaoeie, Orchids, Frot^ee, and Geraniaoem. 

1659. Begion XXIV. — The region of Epaoridaceas (p. 848) and 

Eucalypti (p. 810).— This comprehends Anstralia beyond the tropics 
with the island of Tasmania or Van Diemen’s T#nd r Mean temperature 
62 to 72^. The number of known Australian plants to about 

7000 or 8000. Mtiller makes the following observations on the flora 
of Australia.* The flora of Australia approaches in its tropical portion 
to the plants of India, and in its extra-tropical portion to those of 
South Africa. The flora may be divided into a western, southern, 
eastern, and Tasmanian flora. In the western districts Legnminoeie 
^ ProteaoeiB predominate, forming one-fourth ci the entire vegeta* 

Fenis and Grasses are rare. La the sonthem flora, Gompositii and 
LogQtsinms abom^ along with Salsolaa, Myoporacem, HalorageaMs, 

• W oBlu r^f fowmi W Botuf » «r Xfw e«Se» If k«eSiny» 18SS. p. m. 
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ieBci «» » mmeoling link with the l^th African flora; Nitraiiaiwith 
the Siberian^ and Crantzia with the North American flora. In the east- 
em flora Proteaoe» and Epacridace» are fonnd^ with fr^rer Oompodtie 
than in the sonth, and a larger number of Ferns and Grasses than in 
the western disttiot On Brisbane mountidns, near Moreton Bay, we 
meet with Araucaria (Eutassa) Bidwillii, the Bunya-Bunya, and in the 
same district Araucaria (Eutassa) Cunninghami, the Moreton Bay Pine. 
The Tasmanian flora is an insular one. Ferns abound, Ooodeniaoem 
are scarce, Loranthacee and Gmsalpiniem are awanting. Plants are 
fcund belonging to the natural orders Stackhouriaceie, Tremandraoeie, 
Proteacem, Stylidiacese, Myrtaceae, Bestiaceie, Diosmeas, Casuarin- 
aoem, a^id Mixnosem. In South Australia Oomposito farm l-8th of 
the whole vegetation; Compositse and Leguminosm form together 
one-third of the whole of the Dicotyledons. Nearly 100 of the plants 
now growing wild have been introduced from Europe and the Cape. 
The introduction of European culture is changing the aspect of Aus- 
tralia as well as its climate. Bain now falls where none did before. 
The flora of South Australia has been divided into two marked forms, 
that of the Grass-land and that of the Scrub. Grass-land resembles 
European pastures. Along with it there are associated light park-like 
forests of Eucalypti, with their smooth stems robbed of their outer 
bark, standing at regular intervals, and their crowns never in contact 
with each other. In poorer soil Casuarinas grow, also gummiferous 
Acacias, as A. retinoides and pycnantha, and species of Bursaria, and Gre- 
villea, along with occasional Melaleucas or Leptospermums, especially 
in the beds of rivers dried up in summer. The Scrub shows no turf ; 
a few scattered Stipas and Neurachnes constitute the only grasses. 
There is profusion of hushes and small trees. The plants have a 
heath-like foliage or vertically-placed leaves, and their colour is of a 
dead blue-green in general. The Palm forms which occur in Austra- 
lia are species of Livistona, Seaf<»rthia, and Corypha. In the British 
colonies of Australia the European grains and fruits are cultivated. In 
Norfolk Island, which may be connected with the Australian flora, 
Araucaria (Eutassa) exoelsa, the Norfolk Island Pine (Fig. 59, p. 26) 
grows to a great size. Van Diemen’s Laud contains 10 Ooni&rm en- 
demic to the island, according to Hooker. These are Callitris australis, 
Oyster-Bay Pine, 60-70 feet high; 0. Gunnii, native Cypress, 6-10 
fret ; Arthrotazis selaginoides, A. cupressoides, and A. laxifrlia ; Mioro- 
oachiys tetragona, 16-20 feet ; Podocarpus alpina, P. Lawrencii ; Phyl- 
loclados asplenifidia, celery-topped or Adventure Bay Pine, 60-60 feet ; 
Daoiydinm Franklinii, Huon Rne, 60 to 100 feet hi^, with a diameter 
of 2 to 8 feet The banks of the Huon river are clothed with the loftiest 
and most valuable timbei^ls^ees of the colony. Sir John Boss measured 
Bome trees 180 feet high and 28 in circumference. One tree was 
dmwn to him which exceeded 200 feet in height, and was 88 feet m cir- 
cumference about 8 feet from the ground. 
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1660* Bmioh XXV.— The w|ioii of New Zottaid.— This inoludfl^ 
the Mbttcli of Now ZealAnd and thoae wliiob $xe adjacent. Betwaoa 

kt 84‘’and86'^S*tliejiieAntempemtnrois6rtoe3\ Hwowemeot 
with Phormittka tenaX| the New 2iealai&d Flax-plant (Fig. 48| p* 24), 
Gorypha aturtridia, the fioothern Palm, abnndanoe of Ferna, many of 
them arbofeacent, ^wcies of Dracasna, and many Myrtacem. The 
New Zealand Coniferm oonsiat of Dammara aua^ia, Kaod^ Cowdie, 
(Hr Kauri Pine, Podocsarpus spicata, Mai or Matai, P. ferruginea, Miro 
or Maira, P. Totarra, Totarra, P. daorydioides, Kaikatia, and otjieri ; 
j^lwA Daorydium cupressmum, the Dimon Pine, D« Golensoi, lam- 
folium, and PbyllocladuB triohomanoides, Tauehaha. Many Eurc^pean 
plants are oultiyated. The known flora of New Zealand amounts to 
about 1900 or 2000 species, of which 780 are flowering plants, thos 
making Phanerogams to Cryptogams nearly as 2 to 8. The Phanero- 
gamous flora of New Zealand shows a large amount of absolutely 
peculiar or endemic plants, which are said by Hooker to amount to 
507 species, and to constitute more than 2-8ds of the whole. Among 
the o^ers to which the endemic species belong may be noticed Coni- 
fersQ, Scrophulariacem, Epacridacese, OompositsB, Araliaoeie, Umbelli- 
fere, Myrtaoeas, and Banunculaceae. The remaining l-3d of the flora 
is thus analysed by Hooker — 193 species are Australian. 89 are South 
American, 77 species common to both these countries, 60 are Euro- 
pean, and 50 are species of the Antarctic Islands, Fuegia, &c. Among 
the peculiar genera of New Zealand are enumerated Anisotome, Hobe- 
ria, Phormium, CarmichsBlia, Tupeia, and Alsettosmia. In New 
Zealand there are of European species 60 Phanerogams, 50 Mosses, 18 
Hepaticss, 45 Algsa, 50 Fungi, and 100 Lichens/ The flora of the 
Auckland group and Campbeirs Island may be considered as a con- 
tinuation of that of New Zealand, differing only in being more typi- 
cal of the antarctic regions. In the Auckland group the country is 
generally covered by Pteris esculenta, Leptospermum scoparium, Phor- 
mium tenaz, and Cordyline stricta. We also meet with Yitez littoralis, 
Knightia excelsa, species of Metrosideros, the Kauri Pine, Cyathea deal- 
bata, Areca sapida, and numerous Ferns. Borne European plants, as 
CaitiBkmine hirsuta, Montia fbntana and Callitriohe, are found. The 
woods consist of 4 or 5 species of trees or large shrubs, which axe enu- 
merated by Hooker in the order of their abundance. 1. MetrosideroB 
lucida. 2. Draoophyllum Ipngifolium. 3. Panaz simplex. 4« Ve- 

* fUl dotoUf, ikmg with ioterettiog vlcwi of the dUtrllmtioa of pUnti, in Hpcte*i Flere of 
New ZotM, Xntrodnctory Bemerlci. Uoeker, who adopt! the Tiew of ipedllc centre!, endeatotixi 
toiceonntfbr iheidant! fonnd in Uie Now Zedind Iflon, by Minning that tfaeiowai atonaibie 
a land ooMVBiiioation by wUch the Chilian plant! wen intorehangod; that at the aaue or aaoth^ 
epeeh the aaetnlitn, at a third the Aatarctic, and al a foarth the Faddo florii were added to the 
•iceeBbltge. The preeenee of intaretle plaate on the lofty monntahi! ii aeeonnted for by attrilwUng 
tUe to a ehango of elfmate,iBdoead by dumgeeia the rdationbetwaia ata and lasdL ISwpnMttee 
of a Ittfo eoBliBeat oonnaotfaig the antaretie iilaade, would render New Zealand ai eald ae Qml 
Britain daring the flaelal epoch. The laolation of New Zealand afterward! would lead to an ataeUe* 

cT and It the attne tl«e to Uie rettreaent or the planli b the eoaiBrit ef 
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imac <!he eei^beioliy Aout 15 di&rent F^foe gvow albmidiiitlj, the 
noil mxudkable of which ie A^dinn Temxslan. 


3X~Z0NES OF MABINB VEGETATION. 

1661. The ocean, as well as the land, poseesses its Tegetable 
forms, whkh are of a peculiar kind, and exist under different condi* 
tions of pressure, of surrounding medium, and of light. Some sea- 
weeds, Harvey remarks, are cosmopolitan or pelagic, as species of Ulva 
and Enteromorpha, which are equally abundant in high northern and 
southern latitudes, as they are under the equator, and in temperate 
regions. Codium tomentosnm, Ceramium rubrum, C. diaphanum, 
spedes of Ectocarpus, and several Confervie, have a range neariy as 
wide. Plocamium coccineum and Gelidium comeum are common to 
the Atlantic and Pacific oceans ; Bhodymenia palmata, the common 
Dulse of Britain, is foimd at the Falkland Islands and Tasmania. 
Fucus tuberculatus extends from Ireland to the Cape of Good Hope ; 
Fucus vesiculosus occurs on the north-west coasts of America, and on 
the shores of Europe ; while Desmarestia ligulata is found in the north 
Atlantic and Pacific oceans, as well as at the Cape of Good Hope and 
-Ciqw Horn. Many Diatomaoess are distributed from pole to pole. In 
the antarctie ocean, Hooker found the siliceous coats of Diatoms con- 
stituting a bank which stretched 200 miles north from the base of Vic- 
toria Barrier, at an average deptii of 1800 feet. 

1662. In general, however, Searweeds are more or less limited in 
*their distribution, so that different marine fioras exist in various parts 
^ the ocean, Lamouroux estimates the marine species at 5000 to 
*6000, and he has shown that they are distributed in various regions. 
The northern ocean, from the pole to the 40tb degree, the sea of the An- 
iiOles, the eastern coasts of South America, those of New Holland, the 
Indian Archipelago, the Mediterranean, the Bed Sea, the Chinese and 
Japanese seas, all present so many large marine regions, each of which 
possesses a peculiar vegetation. The degree of exposure to light, and 
the greater or less motion of the waves, are very important in the dis- 
tribution of AlgfB. The intervention cf great depths of the ocean has 
a similar infiuence on sea plants as high mountains have on land plants. 
Lamtnarig are confined to the colder regions of the sea ; Sargassa only 
vegetate where the mean temperature is considerable. Under the 
infoienoe of the gulf-stream, Sargassum is found along the east coast 
of Amexioa, as as lat 44° ; and the cold south pol^ current influ- 
enaoi marine vegetation of the coasts of Chili and Peru, wl^re we 
meet with ipedies of Lessonia, Maerocystis, D’Urvillma, and Iridma, 
witich are characteristic of the antarctic flora. Melanofipmaen, ae- 
OQidiag to Harvey, inorease as we approach the tropics, where the 





lots 

imriimaa of though, perhapi, not individnilB, is fimnd^ 

Bhodoipeftnatt chiefly abofimd in ^ temperate aflae; whUe Ghioro- 
cpermeie fomi the mi^ly of the Tegetation of the polar eeae, and ave 
pardcnlarly abandant in the colder temperate zone* The green colour 
is charaoteristio of those Alge, which grow either in fresh water or in 
the shallower parts of the sea; the olive-oolonred Algm are most 
abundant between the tide-^marks ; while the red^colonred species occur 
chiefly in the deeper and darker parts of the sea. 

1668. Marine vegetation varies both horizontally and verrically, 
bat less so than land plants, owing probably to the more nniform 
temperatore. The ocean has been divided into different provinces of 
marine vegetation 1. The Korthem Ocean, from the pole to the 
60th parallel of north latitude* 2* The North Atlantic, between the 
60th and 40th parallels, which is the province of the species of Fucus 
proper* B. The Mediterranean, which is a sub-region oS the warmer 
temperate zone of the Atlantic, lying between the 40th and 2dd 
northern parallels. 4. The tropic^ Atlantic, in which Sargassnm 
abonnda. 5. The Antarctic American regions from Chib* to Cape 
Horn, and the whole circumpolar ocean south of the 60° of latitude. 
6. The Australian and New Zealand province. 7. The Indian Ocean 
and Red Sea. 8. The Japan and China seas; besides certain pro* 
vinces in the Pacific. 

1664. As regards perpendicular direction, Forbes remarks, that 
one great marine zone lies between high and low water-marks, and 
varies in species according to the kind of coast, but exhibits similar 
phenomena throughout the northern hemisphere. A second zone 
bep'ns at low water-mark, and extends to a depth of 7 to 16 fathoms. 
This is the region of the large Laminarias and other Fuci. Marine 
vegetation, including the lower forms, extends to about 60 fathoms in 
^ British seas ; to 70, 80, or 100, in the Mediterranean and the 
^^an Sea. Ordinary Algae, however, seem scarcely to exist below 
W fathoms. Diatomacese exist in the deep abysses of the ocean, and 
JJ^ullipora and CoraUines increase as other Algae diminish, until they 
characterize a zone^ of depth, where they form the whole obvious vege- 
tation. Forbes gives the following instances of the depth to which 
m^e vegetation extends in the Mediterranean Codinm fiabelliforme 
and Micro^ctyon umbiKcatum, 80 &thoms; Bityphloa tinctoria, 
Ohrysym^ia nvana, Dictyonemia volnbilis, and Constantmea leni- 
fonms, W fathoms; NulHpora polymorpha, 95 fathoms. As we 

apparently a zero of veget«d)le life. 

‘ The totribution varies also in a latitudinal or b<mz(mtal 

dinebon. Choida Fflnm lies in beds of 15 to 20 mUes in lensfth, and 
oriy abont ^ feet in breadth, in the North Sea and the BritWh 
Onan neh^ Sargassnm baooifenun constitutes the Qnlf-weed, which ban 
^ nob^ by all who have crossed the Atlantio. The Sargasao 
oea yeiyMs the eddy or whorl cansed by the revolntion of the 0 B^ 
wnt in the Atlantic, and oooapies a ^aoe of 260,000 square mtu. 
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Tbm m two priaoipal banlui of On]f-woed the huifei^ 

tettdiag from 86'’ of north latitude^ and a little west of the 

meridiaa of Fayal; the other, a short way west of the Bahemae, 
between the 2i2d and 26th degrees of latitude. The Gulf-weed has 
never been found attached, but always floating. In that state it is 
healthy, pushing out new fronds, bnt no fructifioation has been seen. 
Harvey coiyectures that it may be a pelagic variety of Sargassum vul- 
gare, in the same way as the variety subecostatus of Fucus vesiGulostis 
has never been frund attached, but growing in salt marshes. The most 
remarkable of marine plants, both for their size and the extent of their 
range, are the Macrocystis pyrifera and the Laminaria radiata. Im- 
mense masses of the Macrocystis, like green meadows, are found in 
every latitude. It ranges from the antarctic to the arctic circle through 
120 degrees of latitude. It requires a mean depth of 6 or 9 fathoms. 
Many apeoimejos have been seen 300 feet long. Hooker estimated some, 
in a strait between the Crozet Islands, at 700 feet. It girds the globe 
in the southern temperate zone, but not in the tropics nor in the north- 
ern hemisphere. The tribe Fucoidete abounds towards the poles, and 
there the plants attain their greatest bulk, diminishing rapidly towards 
the equator and ceasing some degrees from the Line itself. Cystoseirem 
represent the Fucoidem in the higher latitudes of the southern hemi- 
sphere. Hooker remarks, that throughout all latitudes the two tribes 
Fuooideie and Oystoseiress form the prevailing marine vegetation, and 
that the genera of north cool zones are represented by others in the 
south. The genera Fucus and Himanthalia, in the north, are repre- 
sented by D’Urvilhea and Sarcophycus in the south ; so also the genera 
Oystoseira and Halidrys of the former are represented by Cystophora 
and Scytothalia in the latter. Laminarias abound in the antarctic 
ocean and northwards to the Cape of Good Hope. The red, green, 
and purple Lavers of the British seas are found at the Falkland Islands. 
Lessonia, with a stem 10 feet long and 12 inches in circumference, 
and its f^nds 2-8 feet long and about 3 inches broad, is found in im- 
mense masses off the Patagonian regions. D’Urvillflsa utilis is another 
large antarctic Sea-weed, which, along with Lessonias, is often found 
at the Falkland Islands, formed by the surf into enormous vegetable 
cables, several hundred feet long, and thicker than the human body. The 
steins of Lessonia, when wash^ ashore, look like dead wood. Of the 
strictly antarctic marine plants, Hooker has identifled l-5th with those 
of Britain. In the north-west American Sea we meet with the remark- 
able Nereocystis, consisting of a very long thread-like stalk bearing a 
lai^e vericle and fronds ; while in the Australian and Hew Zealand ^ 
regumB we have the peonliar genera of Cystophora, Hormosira, Lana- * 
buighia, and others. 

1666. The marine vegetation of the Mediterranean, compared with 
that of the neighbouring seas, presents a somewhat peculiar aspect. 
Spedes which inhabit the Bed 6^ scarcely occur in the Mediterranean, 
with the exception of cerUdn cosmopolites which are almost nniversally 
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diitribiitodi. The genen whidi are moat charaoteiistio of the Bed ISea 
and most ntuneione in epeciesy Sai^gaesiim and Gaalerpai are represented 
in l^ie Mediterranean bjr very few^ and tJxoae di6tin<^ speciee. Tbe dif* 
fyrenoe is also great between the marine vegetation of the Mediter- 
ranean and Atlantic. The genna FncuS) which abonnda in the Atlan- 
tic, is altogether wanting in the Mediterranean, or represented by mere 
floating specimens, which assume, however, a peculiar form in the 
Adriatic. Many species of Florideie which abound in the open seas 
do not adorn the rocks in the Mediterranean. 


XIL— DISTRIBUTION OF PLANTS IN BRITAIN. 

1667. The climate of Britain is warmer than that of other places 
in the same parallel of latitude. Its most striking feature is 
the absence of extremes, either as regards cold or heat. It is, gene- 
rally speaking, mild and damp. Dove gives the following statement 
as to the monthly excess of temperature in the British Isles, above the 
respective average temperature of other places in the same parallel of 
latitude 

January. Orkney, 31®.6 ; Edinburgh, Dublin, 27® ; London, 18®, 

February. Orkney, 27® ; Edinburgh, Dublin, 22®.5 ; Loudon, 18®. 

March. Orkney, 22® ; Aberdeen, Glasgow, Dublin, 18®, London, 14®. 

April. Orkney, 13® ; Middle of England and Ireland, 9®, London, 6®. 

May. Great Britain and Ireland, 5®-6®. 

June. Great Britain and Ireland, 2®. 

July. Great Britain and Ireland, 2®. 

August. Great Britain and Ireland, about 3®. 

September. Great Britain, 4°-fi® ; Ireland, 3®. 

October. Great Britain and Ireland, 9® to 14®. 

November. North of Scotland, 22®, E^burgh, Dublin, 18®, London, 14®. 
December. Hebrides, 27®, Orkney, Dublin, 22®, Cornwall, 18*, London, 16®. 

—While the winters are mild, the heat of the three summer months, 
June, July, and August, in which the growth and ripening of crops 
take place, is by no means great, being very little above that due to 
the latitude. The heat of these months is most important. It should 
be noticed that the day and night may be both mild during these 
months, and thus give rise to a high average temperature. But the 
important thing is to have high temperature during the day, even al- 
though the nights are cool. The eastern coasts of Britain partake 
moaie of the contineital climate, while on the western the climate is of an 
insular and equable character. The mean temperature varies tom 46^ 
to F* Some of the mountains rise to the height of 4400 and 
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is m ftU of 1*^ of the themometer for erery 840 or 850 foei of 
ssosftt The nomher of Phanerogamous species of plants amounts to 
ibout 1000, while the Orjptogamoas are about 2800. 

1668. In oonsidering the distribution of British plants as regard areas, 
Watscm divides Britain (excluding Ireland and the Channel Islands) into 
IS provinces, or groups of counties which together constitute the basin 
of a principal river, or have some other physical peculiarity in com- 
mon. In each of these provinces he notices the heights attained by 
the lofdest mountains. The details connected with those provinces 
are given in his Cybele Britannica. Many of the British q)ecie6 
appear to have been introduced, and some appear to have little claim 
to be included in the flora. Hence Mr. Watson distinguisbeB — 1. 
Native species, apparently aboriginal, such as Oorylus, Calluna, Beilis, 
Teesdalia. 2. Denizen species, doubtfully native, although maintain- 
ing their habitats without the aid of man, as Aoonitum, Paeonia, Viola 
o^rata, Impatiens noli-me-tangere. 8. Colonist species, or weeds 
occurring in cultivated land and about houses, perhaps owing their 
preSbnce to the operations of man, as Adonis, Papaver, Agrostemma. 
I. Alien species, originally introiduced, although now more or less 
oaturalised, as Sempervivum, Mimulus, Hesperia, Camelina. 5. Incog- 
aitsa, or species reputed British but requiring confirmation, as Banun- 
suluB gramineus, Gentiana acaulis, Tnssilago alpina, ilchinophora 
^inosa. 

1669. According to the nature of the localities in which British 
plants grow, they have been thus divided by Watson : — 1. Pratal, 
plants of meadows or rich and damp grass lands, as Geranium pratense ; 2. 
Pascual, plants of pastures and grassy commons, as Trifolium repens ; 
3. Ericetal, plants of moors and heaths, as Calliina and Erica ; 4. Uli- 
ginal, plants of swamps and boggy ground, as Drosera and Pingnicula ; 

5, Liu^tral, immersed or floating plants, as Subularia and Nymphssa ; 

6. Paludal, plants of wet marshy ground, as Typha; 7. ^nndatal, 
plants of places liable to be inundat^ in wet weaker, as Nasturtium 
terrestre ; 8. Viatical, plants of roadsides and rubbish heaps, as Lamium 
album and Urdca dioica; 9. Agrestal, plants of cultivated ground, as 
Papaver ; 10. Glareal, plants of dry exposed ground, chiefly gravel or 
sai^ as Oruithopus and Sedum acre; 11. Bupestral, rock and wall 
plants, as Cotylc^n and Asplenium Buta-muraria ; 12. Septal, hedge 
plants, as Bryony ; 18. Sylvestral, plants of woods, as Paris ; 14. Lit- 
toral, plants of the sea-shore, as Statice and Convolvulus Soldanella. 

1670. Taking a general view of the distribution of British flower- 
ing plants and Ferns (excluding the Hibernian and Samian species), 
Watson recognises the foUowing types; — 1. British type— species 
widely spread over Britain— found in all or nearly all the 18 provinces, 
and Ibnning probably 2-5th6of the Britbh species, such as Alnus glu- 
tinoaa, Beti^ alba, Oorylus Avellana, Salix cipreea, Bosa canina, 
Loniom Periclymennm, Ebdera Helix, Sarotbamnus sooparius, Oal- 
luna vulgaris, Banunenlua aoris, CerastiYmi triviale, Potent^ Tor- 
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wfiofSSUh Txifolhua npeoa, Stolkria nedia, Lotos eornicolatiis, BaQb 
pereoniSi Senocio Ttdgaris, Garitios palnstiis, Leontodon Taraxaeomi 
Myosods artends, Prunella volgans, Plantago lanoeolata, Polygonm 
avioulsre^ Urtioa dioicsi Potamogetcki natans^ Lemna minor^ Juncus 
efibsuBi Oarez panioea) Foa aonna, Festnca orina, AnthozanihuBi 
odoratomf Pteris aquilina, Polypodium vulgare, Lastrea FiliZ'^mas* $• 
TEngliRli species cUefly or ezolusiTely found in England, and 
decreasing in fi*equenoy northwards, constitutiiig about l-5th of the 
whole flora, as Bhamnus cathartioua, Ulex nanus, Tamus communis, 
Bryonia dioioa, Hottonia palustris, Chlora per&liata, Bison Amomum, 
Moenchia ereota, Linaria Elatine, Banunculus parvifloms, Lamium 
Galeobdolon, Hordeum pratense, Alopecurus agrestis, Geteradb offiicin- 
arum, besides very local plants such as Cyperus longus and Gicendia 
flliformis. 3, Scottish type — species chiefly prevalent in Scotland or 
the north of England, forming about l-20th of the flora, as Empetrum 
nigrum, Bubus sazatilis, Trollius europmns, Gieranium sylvaticum, 
Trientalis euzopflsa, Hab^aria albida, Haloscias scoticum, Mertensia 
maritima ; also Primula farinosa, Goodyera repens, Corallorhiza ini&ta, 
and Sazifiraga Hirculus, which are comparatively limited in their dis* 
tribution and partial in their localities ; besideB some very local plants 
such as Arenaria norvegica, Primula scotica, and Ajuga pyramidalis. 
4« Highland type — species either limited to the Scottish Highlands or 
eztending to the mountains of the north of England and Wales ; a 
more boreal flora than the last, the species being especially limited to 
the mountains or their immediate vicinity, and forming probably about 
l*-15th of the flora, as Azalea procumbens, Veronica alpina, Alopecurus 
alpinns, Phleum alpinum, Juncus trifidus, Sibbaldia procumbens, Eri* 
geron alpinns, Gentiana nivalis ; to these may be added the following, 
which, however, descend also lower, Salix herbaoea, Silene acaulS, 
Sazifl*aga stellaris, Oxyria reniformis, Thalictrum alpinum, Lusula 
spicata, Juncus triglumis, Bubus Ohamiemorus, Epilobium al8inifl)lium, 
Draba incana, Dryas octopetala, Alchemilla alpina ; likewise some very 
local species, as Lychnis alpina and Ozyiropis campestris. 5. Get* 
manic type— -species chiefly seen in the east and south-east of England 
(bound^ by the Gferman ocean eastward) — ^forming about l-15th or 
l-20th of the flora, as Frankenia Imvis, Anemone Pulsatilla, Beseda 
lutea, Silene noctiflora, Silene conica, Bupleurum tenuissimum, Pimpinella 
magna, Pnlicaria vulgaris, Laotuoa Scariola, Halimus pedunculatus, 
Aoeras Anthropophora, Ophrys aranifera, Spartina striota ; also very 
local plants such as Veronica vema. 6. Atlantic type— species found 
in the west and south-west of England and Wales, having a tendency 
to the western or AtUmtic parts of the island — ^forming about l-15th 
or l-20th of the flora, as Sinapis monensis, Matthiola sinuata, Bapha* 
nus maritimuB, Sedum anglicum, Cotyledon Umbilicus, Euflagia vis- 
00 ^ Pingtdciila hufltanica. Euphorbia Peplis and E. Portlandica, 
Scirpus Savii more limited q^ecies, as Sibthorpia europsea, Erica 
Vagans, E. ciliairis, Physospennum coraubiense, Polycarpum tetraphyl- 
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Imiiy Ajdifyitnni OapUlos- Veneris, Gfnodon Daotylon, Looal 
doubtfol type—Hitpecies which cannot be referred to any of the preoed^ 
ing types, as Fotentilla mpestris, Lloydia serotina, oos^ed to peooliar 
mountains in Wales, Draba aizoides and Cotoneaster vtdgaris, found on 
the rock^ coasts of Wales very locally, Draba muralis and Butchin- 
sla petraea ; also Eriocaulon septangulare, found in the Isle of Skye, 
and formerly included under Watson's Hebridean type« If Irelimd 
and the Channel Islands are also taken into account, Hibernian and 
Samian types would be added. 

167 1. On ascending lofty mountains in Britain, there is a marked 
variation in the nature of the vegetation* On Ben-muich-Dhui, which 
attains an elevation of upwards of 4000 feet, Watson gives a full list 
of the species observed in succession. On leaving the plants of the 
low country we find Myrica Gale, esitending on this mountain to 
1400 feet, and in succession we come to the upper limits of the follow- 
ing species : — Erica cinerea, Pinus sylvestris, Carex paucifiora, Pedi- 
cularis sylvatica at 1838 feet, Tofieldia palustris, Erica Tetralix, at 
287t) feet, Arctostaphylos Uva-Ursi, Thalictrum alpina, Vaccinium 
Vitis-Idma, Hieracium alpinum, Juniperus communis var, nana, at 2660 
feet, PotentUla Tormentilla, Calluna vulgaris, at 2690 feet, Azalea 
procumbens, Armeria maritima, Cochlearia gr5enlandica, Arabis petrssa, 
Bubus Chamsemorus, Epilobium alpinum, E. angostifolium, Vaccinium 
uliginoBum, Sibbaldia procumbens, Baxifraga stellaris, Alcbemilla al- 
pina, Empetrum nigrum, Juncus trifidus, Gnapbalium supinum, and 
on the summit SUene acaulis, Carex rigida, Luzula arcuata and L. spi- 
cata, Salix herbacea. 

1672. A very full list has been given by Watson of the plants of 
the Ghrampians, viewed in their relations to altitude,* Examples of 
the altitudinal limits of some alpine species are given below : — 



Lower 

Limit. 

Upper 

Lumt. 


Lower 

Limit 

Upper 

laait. 


Teet 

Feet 


Feet. 

Feet. 

ThaUetrnm alpinum 

... 1060 

3900 

Aatragalua alplnna 


2700 

Dtidm rupestris 

.,8700 

8900 

Oxytropia campestria ... 


2100 

incana 

... 2000 

8800 

Diyaa octopetala 


2700 

Thlaspi alpeatre 


2400 

Fotentilla alpeatria 


2700 

Arabia petiwa 

... 2000 

8300 

Rubua ChamaBmotna 


8800 

Codilearia groanlaadica . 

... 0 

8900 

Sibbaldia procmnbena ... 


4200 

Sflene acanlU 

... 1260 

4800 

Alcbemilla alpina 


4200 

*— maritima 

... 0 

8800 

Epilobium alpinum 


3900 

lyclmiii alpina TiT-f-trr 


8200 

-- - ----- - AlftlfliftllltHTI 

800 

2900 

8900 

AJaine rab^ 

..*! 2660 

3900 

Sedum Rbodiola 


Oberieria aedoidea 

... 2660 

8900 

Saxifraga oemua 


8900 

Snonnila Baadnoidea 

... 1960 

2660 

riyniaHa ...ttTt.ii 

8000 

8600 

4000 

8900 

Skallaria oeraaftoldM 

... 2700 

8900 


2000 

Garaatiiliil alphxnm 

... 2560 

8900 

— hypuoidea ...... 


.1. 1.1 ■ 

... 8000 

6760 

— ojmoiitifolia .... 

960 

4000 


^ Hooktr’t LonS loarn. of Bot i 80 and S41 
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Lower 

tiimit. 

Ibet. 

SSS: 

Fbet 

4800 

8900 

8160 

— .......... 


Comas saedca 

1766 

2860 

Qnaidianam supinum .... 

1400 

4860 

Etigeion alpinus 


2700 

Sanssurea alpina 

2000 

4000 

Apaigia Tarmxad 

2800 

8000 

Bieradum alpinum 


8000 

Mulgediiim alpinum 


2850 

yaodnium ulii^osum ... 


8800 

Fhyllodooe ommlea 


2700 

Azalea prooumbens 

1860 

8560 

Arotostaphylos Uva-Ursl 

... 

2860 

alpina .... 


2700 

Gentiana nivalis 


8900 

Bartsla alpina 

1800 

8000 

Veronica alpina 

2600 

8600 



2200 

2700 

■ humifbsA. 

2000 

8760 

Hyosotis alpestris 

8100 

8900 

Araeria maritima 


8600 

Plantago maritima 


1850 

Oxyria reniformis 


8900 

Rmpetmm nigrum 


8900 

Salixarenaria 


2660 

lllliata ffrtt-TTtlTT---.-* 

2400 

2700 

reticulata 

2660 

3300 

— herbaoea 

1860 

4350 

Betula nana 

1660 

2700 

Tofieldia palustris 


2660 

Luznla arcuata 


4860 


Ifimtx VvptK 
Limit* 


Feet. Ftttt. 

LanhiipiMta * 1600 4860 

JoBOOS trifldtis SOOO 4200 

1 1 1 . 1 . cMtaneui 2400 8000 

biglnmU 2700 8800 

triglnmis 1760 2700 

Caittx ropcfttriB 2100 2700 

Yahlii 2400 2660 

leporine 8600 

rij^da * 1860 8800 

Persoonii' 8600 

aqnatiliB 800 8800 

sazatOii 2660 8160 

atrata 2600 8800 

vaginata 2400 8000 

caplUaris 1700 2700 

rariflora 2400 8000 

Poa alpina 2600 8000 

Balfburii 8000 

- laxa 8000 8600 

Alopecnnu alplnns 2100 8600 

Phleum alpinum 2100 8600 

Aira alpina * 2700 4100 

Sesleria cternlea 2700 

Lycopodium annotinum 2700 

alpinum 8600 

Aaplenium viride 2860 

Polystichum Lonchitis 8800 

Oystoptoris montana 8000 

Allosorua crispus 8000 

Polypodium alpestre 2000 8000 

IVoodaia hyperboraa 2700 

Pteria anuilina 1960 


1673. Corilddering British plants in climatic or ascending zones, 
they are divided by Watson into — 

1. Aobabxan Ksaioir — ^limited generally by the Pteris aqtdlina, and indi- 
cating the region of Com cultivation. In the Highlands it may be 
said to extend as high at least as 1200 feet. 

It is subdivided into three zones 

1. JSTofie— embracing ail the country southward from the Dee 
and Humber, except the mountainous parts of Wales, and the higher biBs 
and moors in the provinces of the Severn and Peoinsuia (including 
Gloucester, Worcester, Warwick, Stalford, Hereford, Honmoutii, Com- 
wan, Devon, and Somerset). Some of the peculiar species are C8etnatie 
Iltalba, Rubia peregrina, Cyperus longus, ]^ca ciliaris, Sibthorpia enro- 
psM, and ScQla autumnalis. 

2. Mid-agrafritm Zone— all the low grounds, dear from the mountaitti, sltoata 

between the entrance of the Clyde and Tay on the north, and those of the 
Humber and Dee cn the south, also probably a narrow coast^tne of the 
East Highlands, extending from Perth to Ab^een, and possibly even to 
Invemesa. Also a narrow bdt extending round the hills of Wales. 
Rhamnus catharticttB and Frangn]|| Timns communis, Rtyonia dioica, 
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hm ampertr^Utoac Mansi Vlbnniaai Laataus Hxttcifiymm mnpmm, 
ana Omaas sangahiea, ocotr ia this aoaib but ara rart riot ad ta It. 
Thors Is no doMtls. 

S. Siip$r-agra»rian iTofts-^-cosst-line and low plains and mom in tha north 
and nortb-wsst of SooUand, where alpine i^ts descend to the sea ; 

each as Tfaalietmm alplnom, Draba htoana, Sanifraga o^poiitttblia, 
AretoeUphylosalpiaa,aadDrjMoctopet^ Also other parts where Che 
elevation of the ground leads to the production of the same spedei^srof 
such plants as Arctostaphylos Uvm-ITtei| Sazifraga stellarii^ Alchemllla 
alpinii Todddia palns^ Jnncns triglamis. Also tracts of slight ele- 
vation in the proximity of high monntains, upon which a corresponding 
flora prevails. At its lower limits appear Hezi Coiylns^ QaeronSi Frazlnns^ 
Lonicera, Crat«gii8» and flmticose Bnbi. 

11. Abctxo RiaiON— chara^^tmsed by the absence of €om cultivation. 

1. /n/i^-areeu; .^iMi6---this has ita terminal line at the limit of Erica Tetrallx. 

3. Mtd~aroUc Zofie—space above the limit of Erica Tetraliz, and within or 

below that of Oalluna vulgaris. In this zone moet of the rare alpine 
plants are found, such as, Sazlfraga nivalis, Gentiana nivalis, Erigeron 
alpinos, Aatragalas alpinus, Veronica alpina, Alopecnms alpinus, he. 

8. 8t^'-aroHc Zone — above the limit of CaUnna, dharacteri^ by Sazi- 
flraga cemna and rivolaris, and Lnznla arenata. 

1674. These six climatio zones are thus presented in a tabular 
form : — . 

L AOEABIAir Bbqiiof. 

1. l^fer’-agrcarim Zone—Glematis, Rubia, Oypems longns. 

2. M^d-^gratian ^ons— Bhamnns catharticus without Clematis 

8. Sv^’-agrarvm Zone— Ptens aquilina without Bhamnus, he. 

11. Akotic Rboion. 

4. Jitfer-arcHc Zems— Erica Tetralix without Pteris. 

5. Mtdrarctk Zone.— Calluna vulgaris without Erica. 

6. Bupor^aretk Zone— Salix herbacea without CaUuna. 

1675. Edward Forbes has followed Watson in his ^ews of distri- 
bution, and has promulgated a theory in regard to the origin of the flora 
of Britain.* He considers the vegetation of Great Britain and Ireland 
as composed of several floras, which axe to be reckoned outposts separated 
by geological changes from more extended areas. The frUowing five 
floras, according to him, make up the vegetation of Britain and Irelaad : 
1. A west Pyrenean flora (Iberian or Asturian type), confined to the 
mountamous districts of the west and south-west of Ireland, character- 
ized by botanical peculiarities, which depend on the presence of a few 
prolific species belonging to the families Saxifragaceie, Ericacess, Len- 
tibulariaoesB, and Cruciieras. The nearest parts where these plants 
are native is the north of Spain. The species axe Saxifraga umbrosa, 
S. elegaas, S» hirsuta, S. Geum, S, hirta, S* affinis, Erica Mackaiana, 
E. mediterranea, Daboecia polifolia, Arbutus Unedo, Pinguicola grandi- 
flora, Atabis oiUata. 2. A flora in the south-west of England and 

* HbfbMca the eoueaica batweea tM dlatribotion of tha eziailng Fauna and Flora of tha Bri* 
tiah Itiat and oartain Mogiaal dita^ Mam. Ged. Soolaty of Great Biludn,i.a8a 
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sottOi-etst of Irdand {ArmOTicaii iype)^ whi<* is intimately related to 
that the Channel Idee and the neighbouring coast of France 
(Brittany and Normandy This is Wataon’s Atlantic type. In the 
Channel Wes, we have soch peculiar plants as Eannncnlus ophioglos- 
siiblinSj Sinapis Oheiranthusj Erucastrum incannni| Arthrolobima 
ebracteatom, linaria pelisseriana, Echimn violaoetun, Orchis laadflora^ 
Gynmogramma leptophyllai &c. Again^ in the south-west of Eng^ 
land, we meet with Helianthemnm polifoliunif Tamarix galHca, Hype* 
ricum linarifolium, Oxalis comioulatay Corriguda littoraliSf Physo* 
fipermum oomubiensei Lobelia ttrens, Scilla autumnalis, Trichonema 
Golumnae, See. While in the south-east of Ireland the following plants 
connect the flora witlw that of Devonshire and Cornwall Matthiola 
dnuata, Senebiera didyma, Linaria Elatine, Sibthorpia europssa, Erica 
Vagans, Cicendia fiHformis, and others. 8. The flora of the south- 
east of England, where the rocks of the Cretaceous system are chiefly 
developed, and in which many species occur common to thb district 
and the opposite coast of France. This corresponds nearly to Wat- 
sonb Germanic type. Among the characteristic plants may be 
noticed, Thlaspi perfoliatum, Linum perenne. Genista pilosa. Inula 
Conyza, Centaurea Calcitrapa, Phyteuma orbiculare, Gentiana Pneu- 
monanthe, several species of Yerbascum, Salvia pratensis,* Ajuga 
ChamiepilyB, and many chalk Orchids. 4. An alpine flora (i^real or 
Scandinavian type), developed chiefly on the mountains of Scotland, 
and also partially on those of Cumberland and Wales. The species 
found on the latter are all, with the exception of Lloydia serotina, 
inhabitants also of the Scotch Highlands. The Scotch alpiues all 
occur in Scandinavia, where they are associated with numerous addi- 
tional qpecies. This flora corresponds nearly to Watson's Highland 
type. This flora is represented in Shetland by Arenaria norvegica, 
and in Orkney by Primula scotica. It is largely developed on the 
Scottish Alps, the species being those already noticed at page 1028. 
5. The general flora of the British islands, identical with that of oen* 
tral and western Europe, and which is called a Germanic flora. It 
corresponds to Watson's British, English, and Scottish types. It is a 
flora which overspreads many local floras throughout Europe, and 
gives a general character to the vegetation by the presence of such 
common species as Beilis perennis. Primula vulgaris, Banunculus aoris, 
B. Ficaria, Cardamine hu^ta, and our most common trees and shrubs. 
Certain species are more limit^ in their distribution, and characterize 
particular districts. Some are limited to tibe eastern counties of Eng- 
land, ^ others occur in Scotland and England, and not in Traland. 
Certain species flourish best on limestone, otbers in sandy soils. 

1676. There are in Britain a few sporadic plants, which are met 
with only in one or two localities. Thus Oxytropis campes^ is 
limited to a single rock in Glen Fiadh, Clova ; Lychnis alpina to a 
small alpine summit, Little Gilrannoch ; Astra^us alpinus to a rook 
m Gian D(fle, Clova, and to Little Crai^nd^ a mountain in Brasmar ; 
Saxifiaga cernua to the summit of Ben Lawers ; Eriocaulon septan- 
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gfOgift to Zde of Skj^ In Scotland, and to^ Conaottim in Inlaod# 
Tbo liot^meotioned plant belongs to an Amarioao gienii% and i« mip* 
polled by some to have migrated (nm Ibe New World* 

* '1€77* Forbes endeayours to prota that the speeifio identity, to 
aoy of Ibe plants of one area with those of another, depend on 

both areas or haying formed, part of the same speoxfio 

centre, or on teia haying deriyed their yegetabla population by 
transmisBion, throi^ migration, oyer oontinuous or doi^y oontigiums 
land, aided, in the case ^ alpine floras, by trani^rtatum on fluting 
niaaies of ice. According to bim, the ddest the floxaa nowoomo 
posing the yegetation of the British ides, is that of the moontains of 
the west of Inland. Though an idpine flora,«t is southernmost in 
character, and is quite dis^t as a system from the floras of the 
ScottUh and Welsh Alps. Its yeiy southern character, its limitation, 
and its extreme isolation, are eyidences of its antiquity, pointing to a 
period when a great mountain barrier extended across the Atlantio 
from Ireland to Spain. The distribution of the second flora, next in 
point of probable date, depended on the extenshm of a baiter, the 
traces of which still remain, from the west of France to the south-east 
of Britain, and thence to Ireland. The distribution of the third flora 
depended on the connexion of the coast of France and England 
towards the easteni part of the channel. Of the former existence of 
this union no geologist doubts. The disttihution of the fourth, or 
alpine flora of Scotland and Wales, was effected during the glacial 
period, when the mountain summits of Britain were low islands, or 
members of chainB of islaDds, extending to the area of Norway through 
a glacial sea, and clothed with an arctic vegetation, which in 
graduid upheaval of those islands and consequent change of dimate, 
became limited to the summits of the new-formed and still existing 
mountains. The distribution of the fifth, or Germanic flora, depended 
on the upheaval of the bed of the glacial sea, and the consequent con- 
nexion of Ireland with England, and of England with Germany, by 
great plains, the bragments of which still exist, and upon which lived 
the great elk, and o^er quadrupeds now extinct. The breaking up 
or submergence of the first barrier led to the destruction of the second ; 
that of the second to that of the third ; but the well-marked epodi of 
migration of the Germanic flora indicates the subsequent formation of 
the straits of Dover and of the Irish Sea, as now existing.’’ 

1678, To determine the probable geological epoch of the first 
or west-Iridi flora — a flragment, perhaps with that of north-western 
Spain, of a vegetation of the true Atlantio-— we must aeek among 
fosdl-plants iov a etaxting-point. This we get in the flora of the Lon- 
don ciby, Eocene, whidi is tropical in c^aoter, and far anterior to 
the oldest of the existing floras. The geographic relations of the 
Miocene sea, indicated hj the foasols of the crag, g^ve an after-date 
certainly to the second aC third of the above floras, if not to the first. 
The epoch of the red or middle crag was probably coeval with the 
second flora ; that of the mammaliferottB crag with the third. The 
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ditedf tlie {onrihii tooavideBt to be qoeitbjiiodf mid tke gtadal 
ligioB m whitkii dooiidied k to be Mgmded «a a loml di m ai a^ «cf 
w&ch no trae kaoeo'^m kr as animal k oonoeniad-**«md8t aontii^ 
waidt of the saocmd and thkd bankzs. Thk w$b the newer Pllooene 
ffgoA. Ibe pm^ of the fifth fiora was liiai of the post-tartiaiy, 
when the pieseiit aapect of things was oigankedL Adoptkff a 
view of the xekdons of these floras in time, the gsaatest diffietiltke la 
the way of ohaages of the earth’s sorfaoe and destraotioa of haitim^ 
deep sea being knad where land (probably high land) was, are removed 
wh^ we And that those greater changes mnst haae4i4ppened daring 
the epoch immediately subsequent to the Miocene period ; Ibr we have 
tmdoubted evidence that elsewhere, during that epoch, the Mioceiie 
sea-bed was raised 6000 ket in the chain of Taurus, and the barriers 
fbnning the westward boundary of the Asiatic Eocene lakes so com- 
pletely annihilated, that a sea several hundred kthoms deep now takes 
thdr probable place* The changes required for the events which are 
Buppo^ to be connected with the peculiar distribution of the British 
flora are not greater than these. The distribution of endemic animals, 
especially that of the terrestrial moUusoa, seems to support these 
views.” 

1679. While there are evident and distinot features in the plants 
which constitute the floras of different parts of Britain, there are 
many dif&culties to be overcome before we can adopt the ipeculative 
views of Forbes. The connection between the Tertiary and the pre- 
sent epoch is not made out as far as the species of plants are con- 
cerned, and we are disposed to look upon the existing flora of the globe 
as a distinct and independent one. Schouw differs from Forbes in bis 
eiqdanation of the flora of the British islands. He does not believe 
in the migration and geological changes to which Forbes alludes. He 
thinks that the west and south-west ooast of Britain and Ireland had 
at first a mild climate, especially in winter, and that in consequence 
plants were produced ^ete common to the analogous dimates of Spain 
and the south of France ; while the Scotch and English mountains 
were distinguished throughout by a polar climate, and produced nearly 
the same vegetation as the Lapland and Scandinavian mountains. 

1680. D’Arobiao ^ gays, that in a botanical point of view, it 
would perhaps be derixable to determine whether the external circum- 
stances under which the five floras of Ghreat Britain now live, such as 
latitude, altitude, temperature, winds, hunndily or dryness, exposure, 
nature of the soil, greater or less (Stance from the coast, are 
altogether insufficient to explain their different characters. We know 
that plants have very different geognq>hical limits. Thus there are some 
which we meet with over an extent ^ 25° in latitude, and much more 
in longitude, while others occupy only zones extremely restricted in 
both senses ; it would, therefore, be useful to study the five British 
floras in thk pomt of view. The radiation of plants from a centre k 

• HIrt. dw Prapte 40 U GSologle 4e 1884 4 184ft, U. US. P^ri*. 1848. Edm. Kew Phd. 
Joonial. zlvm. S8. 
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by no mettOB Batufibetonly proved ; ai»i it may be askedy Ibr exao^Ie 
what ia Ibe onginal centre from which the Bpedes common to No^ 
America end eonthem Europe could have radiated? B'Aroli^ 
thinke that inconvenience arises from an attempt to give an account of 
facta hitherto inexplicable in our science^ by drawing from another 
idence suppositions made, as it appears, with the sole view of these 
explanations, and ior which there is no sufficient authority. Pioofr 
drawn from geology must rest on more certain data, he thinks, than 
those which have been adduced by Professor Forbes. 

1681. Martkia. oonsidera the flora of Britain as a derivative one, 
originating partly from Europe, and partly from America. Arciio 
plants, he th in k s , have been carried from Greenland, by Iceland and 
the Faroe Islands, to Shetland and the mountains of Scotland; 
and have also been transported from Scandinavia. A few species, 
such as Eriocaulon, have been carried by the Gulf Stream from 
America to the western coast of Britain, wl^e the great mass of the 
flora has been derived from the continent of Europe. Martins accounts 
for the transport of seeds to Britain by the following agents:*— 
1. Currents. These are concerned in distribution of maritime and 
littoral plants. These currents carry seeds to a great distance^ The 
Gulf Stream carries seeds from America to shores of Scotland. Seeds 
of Entada scandens are thus wafted to the western islands. M. Martins 
has picked these seeds at North Cape, and they have also been picked 
on the shores of White Sea, and on the shores of Iceland. 2. Wmds 
are another means of transport. On 2d September 1845, at 9 a. h., 
there was an eruption of Hecla in Iceland ; and, on the morning of 3d 
September, ashes were carried by the N. W. wind to the Faroe Mands. 
On the same day similar ashes were found in Shetland and Orkney^ 
A similar ocourrence took place in February 1847. Such a wind 
would easily transport small seeds. 3. Agency of birds. Myriads of 
sea-birds, during ^e whole summer, leave the shores of Europe, and 
repair to Shetland, Faroe, and Iceland; among them may be men- 
tioned, species of Larus, Mormon, Alca, Uria, Procellaria, Tringa, 
Anas, Lestris, Oolymbus, Sterna, &c., many of which pick up seeds. 

1682. Martins mentions as examples of an Alpine flora passing 
from Greenland to Scotland by Iceland and Faroe, Thalictrum alpinum, 
Draba incana, Silene acaulis, Gerastium latifolium, Sedum Bhodiola, 
Saxifraga opposltifolia, Sibbaldia procumbens, Haloscias scoticum, 
Azalea procumbens, Empetrum nigrum, Gymnadenia albida, PoA 
alpina, Ac. Ac. He also gives the following tabular view of the 
number of European and American-European species found in Shet^ 
land, the Faroe Islands, and Iceland : — 


Spedei 


aw(Ui>(l,Fa««^«idIceLuid 146 
SheaududFuM ... 87 

8h.tl»d.iidlMbaid. . . 40 

Fmeutdicdud. ... 67 


148 

4 

19 

18 

84 

6 

68 

4 
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SpddM 

pMvdisrto 


Faroe % 
loeland 


74 

81 

f Attiiricm-Biiffnpttn . 

. . 84 

‘ Boropeta 

Ameriein-Eiiiopeta . 

. . 40 
. . 18 

< Europsio ..... 

. . IS 

18S 

fAmeneaa-Euxopeiii . 

. . 108 

iBaropcan 

. . S4 


168S. The marine flora of Britain, with the ezoepticm of auoh 
plants as Zostera, Zanniohellia, and Naiai^ is Oiyptogamii^ and d(^ 
not present very definite sones of distribntioiL Oryptogamio plants in 
general can endure great yicissitiides of climatal conditions. Species 
of Ulya, Enteromorpha, and other genera seem to. be univerBally 
distributed from pole to pole. There are, howeyer. Algo of a 
higher type which are more limited, and the difiusion of which is 
determined by lines of coast and depth of water. British marine 
vegetation presents two well marked types according to Forbes, a 
southern and a northern. The genera Padina and Halyseris have their 
northern limit on the south coast of England, where they are rare. 
The genera Oystoseira, Sporochnus, Outleria, and certain species of 
Sphaoelaria, Mesogloia, Bhodymenia, Gigartina, and Biciyota, mark 
out a southern region, including the British Channel and part of the 
east coast, the Bristol Channel, and the south and west of Ireland ; while 
the presence of Odonthalia dentata, Bhodomela cristata, B. lycopo- 
dioidea, and Fucus Mackaii, characterise a northern flora, on the 
coasts of Scotland, the north of England and of Ireland. 

1684. On the shores of Britain, Dr. Greville remarks, it is easy 
to perceive that some species, as Gelidium comeum, Fhyllophora ru- 
bens, and Sphnrococcus coronopifolius, become more plentiful and 
more luxuriant as we travel from north to south ; and, on the other 
hand, that Ptilota plumosa, Bhodomela lycopodioidos, Bhodymenia 
sobolifera, and several others, occur more frequently and in a finer 
state as we approach the south. Odonthalia dentata and Bhodymenia 
cristata are confined to the northern parts of Great Britain, while the 
species of Oystoseira, Fucus tuberculatus, Halyseris polypodioidesi, 
Bhodymenia jubata, B. Teedii, Miorocladia glandulosa, Bhodomela 
pinastroides, Laurencia tenuissima, Iridssa reniformis, and many 
others, are confined to the southern parts. The proportion of the 
different marine plants on the shores of Britain are as follows : — Me* 
lanospermeas l-5tb, Bhodospermeaa S-Sths, and Chlorospeimeie ]*4th 
of the whole. 

1685. Dickie, in speaking of the British Algse which have a 
southern type, says that they may be classed under three heads — 1. 
Those conned to the southern parts of Great Britain and Ireland ,* 2. 
Species of a more extensive range, which extend to the north of Ireland 
a^ south-west of Scotland ; and 3. Those found abundantly in the 
south of England, and ranging along the western coasts of both islands 
as &r as Orkney and Sl^tlmid. The species comprehended under 
these three heads, and amounting to at least 20, seem to be absent fitmi 
a certain part of the east coast of Scotland. A considerable portion 
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of tbem re-appeftf in Shetlttnd and Oikney. He tbinka ibat the ap- 
peanmce of Boutberti Ibnns of Algae, at the extreme northeam parta, is to 
faeattiibated to the infltienoe of the GKilf S^am as regards temperatme* 

16B6* British Algae are variously distributed, some in deep, others 
in dudlow water. Laminaria digltata only extends to Ibe low line of 
ebb during stream tides; L. saooharina flourishes along an inner belt, 
partially unco?ered during the ebbs of the larger neaps $ t'uous ser* 
ratos and F. iM)do6us thrive in a zone still leas deeply ooreted by 
water, and which even the lower neaps expose ; F. Yesieutosus ooouxs 
in a none higher still, altering its ferm as it goes farther inland; F* 
oanaHculatus also rises high on rocky beaches. If laadsprings escape 
from the beach there may be found an upper terminal zone of Con* 
ferym mixed with Ulva latissima, Porphyra laciniata, and Entero* 
morpha compressa. In the lake of Stennis at Btromness, Orkney, there 
ooour at the part where the sea enters, specimens of Fuous nodosus 
and vesiculosus in their ordinary form, along with Halidiys siliquosa. 
A little further in, where there is more water, Halidrys and 
Fucus nodosus disappear; F. vesiculosus becomes stunted, its air* 
bladders being alter^ or disappearing ; and ultimately, it becomes 
narrowed like the Confervas, and altogether loses its usual aspect* 

1687* The British marine plants, according to Forbes, are distri- 
buted in depth or bathymetrically in a series of zones or regions which 
extend from high water mark down to the greatest explored depths. 
The flrst or littoral zone is that tract which lies between high and low 
water marks, and therefore is very variable in extent according to the 
amount of rise and fall of the tides. It has been divided into sub- 
regions characterised by the prevalence of certain marine species. 1. 
The sub-region of Fucus canaliculatus. 2. The sub-region of Lichina. 
8. The sub-region of Fucus articulatus, F. nodosus, and Corallina 
oflScinalis. 4. The sub-region of Fucus serratus. The Littoral zone 
is succeeded by narrow belts of such Sea-weeds as Himanthalia 
lorea, Conferva rupestris, Laurenoia pinnatiflda, Chondrus crispus, and 
C. mammillosus. The second or Laminarian zone oommences at low 
water mark, and extends to a depth of from 7 to 15 fathoms. Here 
we meet with the great Tangle Sea-weeds and deep water Fuel 
Species of Laminaria, Bhodymenia, and Delesseria, are found in an 
upper sub-region of this zone. In the lower sub-region they are rare, 
and are succeeded by the coral-like Nullipore. The zones l^low them 
are entitled the Cor^line zone, extending from 15 to 50 fothome, and 
the region of the deep sea corals from 50 to beyond 100 fathoms. 
These aones dor not exMbit any conspicaous vegetable forms ; they are 
ekaraoterised by &e presence of certain animahu At the depth of 50 
flethoms in riie British seas, there semns to be a total absence of vege- 
table }ifo.f 

* Hnit ItSDw. Vodtvitels of Umb tlMitdr. 

Hottboldt So eatrittttloM foofnpliiea ptaatomaki Aipeoto of Katun. Do GaaSollOt 
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1488. BeoipitiilKtion of the ohuf poittto Mnneeted with Botamoel 
Cteogwphy:— 

1. Tbsdiiiribatoiof pbiiitomflM^atab(«gabt(«dbyciUmit^»C(eMp*e>iU7))r 

Slid 

S. Tb»€ttnuEtof9)t«d to a pUst it that ia which it can patihrm aU its Amoto pro- 
perly, and produce its cbaraeteristie seoretiosis. 
ft. Hie fi^be^ as regards twaperatiin^ is dhdded latitadisaliy and altitudinally into 
dhtesttt Bonesb and the nature of the Togstatioii in these senes varies* 

4. To ascertain the tempemtore which a plant will heai:^ we require to know not merely 
^ mean annual temperatore, but the mean summer and winter l^t, and par* 
tlcularly the mean monthly and daily temperature daring the period when vege- 
tation is aotive. 

A. Lhiee paasing through places having the same mean annual temperature are called 
Xeetbermali thoee through places witib an equal mean summer beat aie laotharal, 
and with an equal mean winter temperature IsocbeimaL 
6w The lines of equal mean monthly temperature are denominated monthly laotherma, 
and they are of more importance in Botankal Geography than annn^ Isothenna. 

7. A plant requites a certain amount of temperature daring a given epoch, and this 

may be communicated more or less rapidly in different climatsi. Henoe the 
rapidity of the epochs of vegetation varies in different conntriea* 

8. In an altitadinal point of view, or hsrpeometricall]^, the temperature vatieii the ikil 

being on an average about for every 800 or 400 feet of ascent 

9. The nature of the soil influenoee in some measure the distribution of plants^ bnt the 

connection between different rocks and the plants growing on them, is still obscnie. 
Some plants seem to prefer limestone rocks, others trap, and so on* 

10« There are differenoee in the nature of the localities in which different species of plants 
grow. Some are aquatic, others terrestrial \ some have their roots in the earthy 
others are epiphytic and parasitic; some prefer dry soil, others marshy ground ; 
some grow on rocke or stones, others in sand or day, and so on. 

11. Some plants are generally diffused over the globe, and have a wide gecgraphical 

range ; others are endemic, and are confined within narrow linrite. 

12. The same spedes are sometimes found in very distant parts of the globe; at other 

times the species of one country are represented by allied spedes in another. 

18. The orders and genera of one country have ftequently marked representatives in 
another. 

14. It would appear that the same spedes have been in many instances originally placed 
in very widdy separated localities ; while at other times spedes have been created 
on one spot, and have only extended a short distance from a centre. 

16. The dissemination of plants has been effected by the agency of man, water, winds, 


Esssi d^mentaire de Geopraphie Botaniqae ; alio Geographie Botau«iue in Diet, de Sdanoet Nat. 
xriii. Sebouw, Onmdnige der Pflanxen Geographie, toanalated into German from the Dnniih. 
Sehonw't Earth and Man, translated by Henfrey ; Schonw, Enropa. Meyen*s Botaniofd Geography, 
in Bay Society’s pnblioationB. Berghaoi, Qrandriii der Geographie in Linnina, 1. ; Fhyaikaltaohen 
Atlas. Hooker on Botanical Geography, in Murray’s Sneyclo^ta of Geography. Martins die 
Physiognoinie des Pflanxen-reiehes in Brudlien. Malte Bran’s Physical Geography. Schlagintweit, 
on the Periodical Phenomena of Vegetable life on the Alps, Trani. in Journ. Hort. Soc. viiL 61. 
ffiadi, the Begions of Vegetation. Boyle, Himalayan Flora. Gardner's Travels in Brasil. Thom- 
son’s Western Himalaya and Thibet. Hooker, Journal of an Onental Natnrallst. Hooker’s Ant- 
arotie and New Zealand Flart. Be Candolle, i^h. on the effeet of Heat on Plants, in Lond. Hort. 
Soc. Jonm. T. 178. Qnetelet, Obaerrations anr la floralamn det plantea. Martins de la delimitation 
del Begions Vdgdtales inr i’Enrope. Henfrey, Vegetation of Europe. Onsebach, Beports on Botani. 
cal Geography, in Bay Society’s publioatioiis for 1846 and 1840. Johnston's Physical AtUs, Botanical 
part. Black's Atlas. Traill’s Pbytieal Geography. Hanrey’a Nereis Australia, Kersla Boreali- 
Ainerieana, and Mannal of British Algm. Bssides these, the Florae of different oonatries my ha eon* 
snlfced, for a list of vhidi, see Piltid'a Theaauras Idteratnrm Botanictt, where the works are riassUled 
aecerdtng to the conntries. 
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ndislmali. Th^CeMtlUbrnbeen diitrlbii^Tefyvtt^ 
beirftwideitngeoftempentim Blanyecmiiiionweeda have been diiperiedi^^ 
In tbit way. 

16. The general physiognomy of a coontry is often marked by the prevalenee of certain 

oonspleoons plant Ihrms. Sodal plants^ or those growing naturally in masees^ 
partioQlarly ghre a duuracter to a country. 

17. The physiognomy of vegetation is represented ly certain fbiins» sndi as Palms^ Ba« 

nanas» Cactuses, Conifers^ Heaths, ICimoeas, Qrasees, Fems^ Wfllows, Myrtlm^ 
Dicotyledonous trees, Mosses, and Lichens, dm. 

18. These physiognomic forms characterise didhrent countries, and sometimes those of 

one country have their representatives in similar forms in another. 

19. The prevalence of certain colours also contributes to the physiognomy of vegetation 

in difibrent countries. 

20. By the statistics of vegetation Is meant the number of epedee or genera on the globe, 

the relative proportion of dasees and orders, or the proportion of spedee of a par- 
tionlar genus or order in different oountriee. 

21. Zones of vegetation are given by didhrent authors both in a latitudinal and altitudi- 

nal point of view. 

22. Meyen divides the vegetation of the globe into eight distinct sones. These zones are 

reckoned both as regards latitude and altitude^ and are duuracterised by particular 
ordera and genera of plants. 

23. Schonw divides the globe into 25 phyto-geograpbic regions, marked by tbe prevalence 

of certain orders and genera. Many of them areill-defboedon acconntof the want 
of data, and it is not to be expected that they can be accurate until the floras of 
the different quarters of the globe have been carejfhlly ascertained. 

24. Marine vegetation is also divided into zones according to depth, or bathymetrically. 

25. Forbes characterises a Littoral, a Lamlnarian, and a Deep-sea zone. At great depths 

there is an absence of vegetation. Different seas have marine plants peculiar to 
them. 

26. Tbe British Flora has been divided Into different types, both as regards latitude and 

altitude. The dimatio zones in Britain are divided into Agrarian and Arctic, and 
each of these is subdivided into three. 

27. The British Flora partakes more or less of the characters of that of different parte of 

Europe, and there are certain American forms also represented. 

28. Fozbee endeavours to account for the differences in the floras of Britain, by consider- 

ing them as outposts, separated by geological changes from larger areas. 



PART V. 


PALfiOOTOLOGICAL BOTANY, 

OB THE STCOY OF FOSSIL PLANTS. 

1689. The chaogeB which have taken place in the nature of living 
beings since their first appearance on the globe till the period when 
the surface of the earth having assumed its present form, has been 
covered by the creation which now occupies it, constitutes one of the 
most important departments in geology. It is, as Brongniart remarks, 
the history of life and its metamorphoses. The researches of geolo- 
gists show clearly that the globe has undergone various alterations 
since that “ beginning'' when “ God created the heavens and the earth.'' 
At various periods of the world's history, new mineral beds have 
covered the surface of the earth, and elevations of different portions of 
its crust have taken place, while at the same time the living beings in- 
habiting it have been buried in sedimentary deposits, to be replaced by 
a creation more or less different from the preceding* Some of these 
epochs have been marked apparently by great changes in the physical 
state of our planet, and they have l^en accompanied with equally 
great modifications in the nature of the living beings which inhabited 
it The study of the fossil remains of animals is called Falieosoology, 
while the consideration of those of vegetables is denominated Falaeo- 
phytology. Both are departments of the science of Falieontology, which 
has been the means of bringing geology to its present state of ^vance- 
ment. The study of these ejdanct forms has afforded valuable indicatioDB 
as to the physical state of theearth andas to its climate atdifferent epochs. 

1690. The vegetation of the globe, during the different stages of 
its formation, has undergone very evident changes. At the same tune 
there seems to be no reason to doubt that the plants may all be referred 
to the great classes distinguished at the present day, namely, Thallo- 
gens, Acrogens, Gymnosperms, Endogens, and Exogens. The relative 
proportion of these classes, however, has been different, and the predo- 
minance of certainfoims has given a character to the vegetation of different 



1040 


PALJBOHTOLOGiGAL BOTANT. 


epodiB, The &rtiher we recede in geological hietoiy from the ftmni 
day the greater la Oie difrerence between the fossil plants and those 
w^ch now oooapj the snrfaoe. At the time when the coal-beds were 
formed, the plants coyering the earth belonged to genera and spedm 
not recognis^ at the present day. As we ascend higher, the simi- 
larity between the ancient and the modem flora increases, and in the 
latest stratified rocks we have in certain instances an apparent identity, 
at least as regards genera. At early epochs the flora appears to have 
been uniform, to have presented less diversity of forms than at present, 
and to have been similar in the different quarters of the globe. The 
vegetation also seems to indicate that the nature of the climate was 
different from that which characterises the countries in which these 
early fossil plants are now found. 

1691. Fossil plants are by no means so easily examined as recent 
species. They are seldom found in a complete state. Fragments of 
stems, leaves, and fruits are the data by 
which the plant is to be determined. It is very 
rare to find any traces of reproductive organs. 
The parts of fossil plants are usually sepa- 
rated from each other, and it is very difficult 
to ascertaia what are the portions which 
should be associated together so as to com- 
plete a specimen. The anatomical structure 
of some of the organs, especially of the stem, 
can sometimes be detected by thin micros- 
oopio slices being placed under the micros- 
cope ; and in the case of Coniferous wood, the 
punctated woody tissue (Fig. 1807) has proved 
of great service as regards fossil Botany. 

1699. Brongniart* says that the mode in 
which plants are preserved in a fossil state 
may be referred to two principal classes 1. 
The impression or cast of the plants, acoom- 
panied with the complete destruction of the 
vegetable tissim, and the preservation of few of its constituent parts. 
9. Petrifoction or Carbonization, which preserves more or less oom- 
^tely the structure of the ticBues of vegetable organs, by changing 
fiompletely or only modi^ring their nature. The first state is ri^er 
tare, hut it is rim usual state of fosril vegetables in the variegated 
sai^istoUe and tertiary limestones. The place of the vegetaUe is 
either empty or replao^ by a substanoe of a ferruginous, oaloareous, or 
earthy nature, having no organisation. The second state or the imprcB- 
Idob with some preserved portion of vegetable tissue, is very frequent 
in the case of stems found in the coal formation. This is oidin- 

Ti|. law. Saethm of fence Witliuii, altar fiftliej Ce*Bnr Of «|iociL 

f)iefiiMtatatvooi^^oMeii^o«& 

* Broufttiwt, dof Vl«<n» Riirtta. 
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«iy mode of praemtkm. In mdk etems we mint carefnllj die- 
llie dilhteot toem at tiietie, and iSmt external and iateraal 
ffiuiieei, wliioh (irodtioe eo many diffi»eltt appeanoom* So aleo ae 
legardfi foctel fruits. The teidcoeai of tite perieaip oftee gires rise te 
two teiy diSeient forms^ and fre(ttiently cavities aie caa i s e d by the 
dostmctiofei of tissae. 

1698. €arboiiieed vegetable^ or teOse which have passed into 
the state of Lignitesi o^n oindergo modifioationB which render it 
dilBetilt to nndenrtand them lighSy* SometimeB a portion of the 
orgaais of Vegetables, passed into the state of lignite, is transfrmad 
into pyrites, or else pyrites of a globolar shape is found in the sodddle 
of the tissne, and may be taken for a character of orgaiuBation. The 
section of certain dicotyledonons fossil woods, in that case, may resemble 
Monocotyledons. Petrifaction, as In the case of siUoifi^ woods, often 
preserves all the tissnes equally, at other times the soft tissues are 
altered or destroyed ; the cellular tissue being replaced by amorphous 
chalcedony, while tiie ligneous and vascular tissues alone are petrtfed, so 
as to preserve their foims. In some cases the reverse takes place as 
to theM tissues ; the fibrous p(u*tions disappear, leaving cavities, while 
the oells are silicified. Sometimes we the parts regularly sitid- 
fled at one place, so as to retain the structure, while at anotixer an 
amorphous mass of silica is found. In such oases there appear, as it 
were, distinct silicified ligneous bundles in the midst of an amorphous 
mass, resembling some anomalous Brazilian stems. The appearance 
depends, however, merely on irregular silicification or partial petri* 
fiiction. Fossil woods, by means of chemical tests, are ehown to poS' 
sees portions o£ vegetable tissues cemented into a mass by silica. In 
some cases we find the vessels and cells separately silicified, without 
being crushed into a compact mass. In tiiese cases, the intercellular 
membrane not being silicified, the mass breaks down easily ; whereas, 
when complete silicification takes place, the mass is not friable. Ooni* 
ferouB wood is often friable, from rilicified portions being still separated 
from each other by vegetable membrane more or less entire. During 
silicification it frequently happens that the plant has been compressed, 
broken, and deformed, and that fissures have been formed filled with 
crystallised or amorphous silica. 

1694. The silic^ed stems of trees have been observed in various 
parts of the world, with their structure well preserved, so that their 
Endogenous and Exogenous character could be easily determined. The 
Bev. W. B. Clarke notices the occnrrence of a fossil Fme-forest at 
Kurrur*Kurr8n, in tiie inlet of Awaaba, on the eastern coast of Aus- 
tralia. In the inlet there is a formation of oonglomerate and Sand- 
stone, with subordinate beds of lignite-^the lignite forming the so- 
called Australian coal. Throughout the alluvial fiat, stamps and stoob 
of fossilised trees are seen standing out of the ground, and one can 
form no bettor notion of their aspect than by imagining what the 
appearance of the eidsting living forest of Eucalypti and Oasoarisua 
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would betf tha trmwerdallcntdowxi to a caitam leveL hx a lake in 
tiia vidntty tlvefo are aleo some fossilized stamps of trees, staDding verti^ 
oallj. la Derwent Valley, Van Diemen^s Land, foswl mlicified trees, in 
oonnection with trap rock^ have been found in an erect positaon* One 
wiMi measnred with a stem 6 feet high, a droumfeience at the base of 
7 feet B inches, and a diameter at the top of 15 inches. The stems 
are Ooniferoos, resembling Araucaria. The outer porticm of the stem 
is of a rich brown gbssy agate, while the interior is of a snowy white- 
ness. One hundred concentric rings have been counted. The tissue 
&I1b into a powdery mass. Silica is found in the inside'of the tubes, 
and their substance is also silioified. 

1695. In order to study fossil plants well, there must be an acquaint* 
ance with systematic botany, a knowledge of the microscopical struc* 
ture of all the organs of plants, such as their roots, stems, barks, leaves, 
fronds, and fruit ; of the markings which they exhibit on their different 
surfaces, and of the soars which some of them leave when they fall. 
It is only thus we can expect to determine accurately the living affi* 
nities of the fossil. Brongniart says, that before comparing a fossil 
vegetable with living plants, it is necessary to reconstruct as completely 
as possible the portion of the plant under examinaiion, to determine 
the relations of these portions to the other organs of the same plant, 
and to complete the plant if possible, by seeing whether, in the fossils 
of the same locality, there may not be some which belong to the same 
plant. The oonnection of the different parts of the same plant is one ' 
of the most important problems in Palceophytology, and the neglect of 
it has perhaps led to a needless multiplication of fossil species ; por- 
tions of the same plant having been described as separate species or 
genera. In some instances the data have been suGScient to enable 
botanists to refer a fossil plant to a genus of the present day, so that 
we have fossil species of the genera Ulmus, Alnus, Pinus, &c. Some- 
times the plant is shown to be allied to a living genus, but differing 
in some essential point, or wanting something to complete the identity, 
and it is then marked by the addition of the term itesj as Pinites, Thu- 
ites, Zanxites, See, 

1696. Before drawing conclusionB as to the climate or physical 
condition of the globe at different geological epochs, the botanist must be 
well informed as to the vegetation of different countries, as to the soils 
and localities in which certain plants grow, whether on land or in the 
sea, or in lakes, in dry or marshy ground, in valleys or on mountains, 
or in estuaries, in hot, temperate, or cold regions. It is only by a 
careM consideration of all ^ese particulars that any correct inferences 
can be drawn as to the ofmdition of the globe. 

1697. The rocks of which the globe is composed are divided into 
two great classes, those which contedn fossil remains, and which are 
called fossiliferous, and those having no such remains, and which are 
designated non-fossiliferous or azoic. The igneous unstratified ro(dm, 
incited under the names of Grazdtac and Trappean, show no appear- 
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aaoe of animal or vegetable remi^fie. Trap rooks, however, have in 
some oases covered or enclosed vegetable stmotores, and these are 
fonnd in an altered condition. Thus, in Antrim, near the Giant’s 
Causeway, lignite is found in connection with the basalt, dtowing distinct 
dicotyledonous structure charred, with the bark, &c., along with chalk 
flints. Dicotyledonous wood and charcoal have also bei^ found by 
the Duke of Argyll under trap in the Idand of Mull. In trap rooks 
near Edinburgh, lignite with distinct structure has also been detected. 
Silicified wood and coal, imbedded in trap rocks, have been seen in 
Kerguelen’s Land. The wood is found enclosed in basalt, whilst the 
coal crops out in ravines, in close contact with the overlying por- 
phyritic and amygdaloidal greenstone. Hooker has also seen silici* 
fled wood, in connection with trap, in Macquarrie’s plains, in Tas- 
mania. 

1698. Fossil remains have not been found in certain rooks having 
a stratified appearance, and which, &om the changes they have under- 
gone, were denominated by Hatton Metamorphio. These include 
Gneiss and Mica-slate, which are looked upon as stratifled rocks, 
which have probably l^n formed at a high temperature, and have^ 
been subsequently altered by tbe efleots of heat. The absence of 
organic remains in rocks, however, is not always sufficient to enable 
us to state that these rocks were formed before animals or vegetables * 
existed. Forbes has shown that, even at the present day, there are 

I depths in the ocean which are destitute of organic life. Hence rocks 
deposited at such depths might contain no organic remains. 

1699. The stratifled rocks which contain fossils, have been divided 
into three great groups, the Falseozoic, the Secondary, and the Tertiary. 
The formations included under these are exhibited in the following 
table, as condensed from Ansted’s geology ; — 

I. Palaozoic Books, containing the earliest fossil remains. They in- 
clude the Transition, Primary fossiliferous and Grauwacke rocks. 

1. Lowt Paimotoio . — ^These oomprehend tbe SilurUn and Cambrian rocka. 

2. Middle Potoosotc.— The Devonian eystem, or Old Bed Sondatone, so wdl 

developed in SooUand. 

3. Upper Pakeozoic , — The Carboniferous system, or the Coal Measures, with 

millstonejgrit, carboniferons limestone and shales ; and the Permian sys- 
tem, or the magnesian limestone. 

11. SsooNDABY or Mbzozojo Books, constituting a second great epoch in 
the history of fossils. 

1. Xotoer iS^0oofw2ary.<..The upper Kew Bed Sandstone of Britsin, or the 

Triaasic system of Germany. Here we meet with Bed Sandstme and 
conglomerates, saliferous red and variegated marls. 

2. Middle Sseondofy.— The Liasaic system, with its Umestones and maria; 

the Oolitic ^vided into Lower Oolite (Calcareous sand, Stoneaflsld slate^ 
Bradford clay, ftc.). Middle Oolite (Oxford day, Coral day, Calc gril^ do.), 
and Upper O^te (Kimmeridge day, Portland stone) ; the Weaidi^ as 
frillnstrsted In Furb^ beds and Hashings sand. 

S. Z7fg>6rSSs0OfMfo»y.--Th0 Cretaceous system, with its lower and upper green* 
sand and chalks^ and the Gault 

III. Tbrtiabt OB Oaibozoxo Bocks, constituting the third grand fosailife- 
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foiii ISmm m Amloped la Afi% Atmaei m, AnA la tM 

Milh of Baiopa^ oadoolj poitioUj ia Bdteia. 

t Xmw* is Min in (be London dligr» (he Perie 

i ffffcp the Bfii*T of Brnfftflitj 

9. Iffddfe Tertiary or ift 0 oefi 6 .--'rhia Is shown in (he CdnUine end Bed 
Cng of Britein, the Besin of the Bblne, of the Lotre^ end (kfonn 
8. Jlrei^orPliooeiie.-~Thlsisil^^ bgrtiie Korwkb (be 
TiU of the Oljrde, the Blown omI of Gennany, die. 

4* Stipeifieial DepotUi, or PUutoeme^-^Thme ooneiet of dUnvIain or ^hitiel 
drifts fonned of gravel, with boulders, which Indieate the violmt 
action of water ; and sUuvinm or deposits of fine mud, resembling thoM 
caused by ordinary Anvlatile action. The tertiafy Ibiinatioiui and (hoM 
of the present day appear to pass into each other. 


. 1700. Tbe plants found in different strata are either terrestrial or 
aquatic, and the latter exhibit species allied to the salt and fresh water 
vegetables of the present day. Their state of preservation depends 
much on their structure. Cellular plants have probably in a great 
measure been destroyed, and hence their rarity ; while those bavhig a 
woody structure have been preserved. The following is the number 
pf fo^ genera and species, as compiled from Unger’s work on 
PalsBophytology : — * 


DlGOrrLEDONBS. 

ThslamifloriB 

Ctlydflorn 

CorolUflom . • 

BlbnochlamydefB Angiospennie 

- Gymnoapeormn 

MoVOOOTTLEDOnSS. 

Dictyogenss 

PctsloidesB 

Glnmiftrm 

Aooitlidones. 

Thallogentt 

Acrogenaa 

Doabtfhl 


Genera. 

Species. 

24 

84 

66 

182 

28 

60 

48 

221 

66 

868 

2 

5 

86 

125 

6 

12 

81 

208 

121 

969 

85 

197 


487 2421 


These plants are arranged in the different strata as follows 

Lower and Middle 
Falieoaoic. 

Upper Palmozoic. 


Lower Seoondiry. • 


Uambrian, Silurlaa, Devonian, and 01d> 
Bed Sandstone . . > 

Oaiboniforous 

Lower Kew Bed Sandstone (Fc 
^Blagneeian Limestone { 

'Upper New Bed Sandstone (1^ 

Shdl liimestone Q 

Variegated Marls (I 


1 vanegatea s&aris (j 

Middle Seooxkdaiy. ><U|ge g> Mdide, and Lower Ooll 

/ Boeene 

BSS ; 

^FleiatooKie . 


78 

683 

76 

21 

88 

7 

70 

126 

168 

61 

122 

414 

496 

86 

31 


Pds^ Spedea 2421 


^ Uiia«,O«BsnMl^eelmriwtivnmto0te 




oiDBM or foem. nAHn. 


* 1701. Ammg ioMia TfailMni&Ml DmtfbdogM, tJngR mO' 
tiona qiema bdoiiging ti> tbe (jidom*- 


MagnoUaom 

Ancoaoett. 

GtspbidaoM^. 

uSfwm. 


BntBflriMMe* 

XUlaoiA. 

Avmtiaoev. 

IblpigiiUi^ 

Aoommb. 


Among Galydfloral DiootjUdoni^ 


CaUmnMMa^ 


AnafiaidiaoM. 

AmyridaoMB. 


l?oBiopai 

OdycaothacniB. 

CombnfcaoeiB. 

Mdaitmnaoea* 

MyrtaeoK. 


Goiiaiiao9». 


OMtingtttcm, 

CaonrmtaMik 

CoraaoBB. 

LovaBthaoMB. 


Among OoroUifiond Dicotyledons — 


ErioaceB. 

ityraoaoett. 


Aquifoliaoes. 

SapotacsB. 

OleaoeB. 


Among Monoolilamydecms Angiosperms 


KyctaginaoBB, 

LanraoeB. 

Protaaoea). 

AqnilariaoeB 

SraydaoBB. 

SanwaoBB. 


KaphorbiaoeB. 

UiticaceB. 

AitooarpaeBB. 

CeratopayllacBB. 

SalioaceB. 

MyrioacBB. 


ApomaoBB. 

QaatLuiaoeB. 


BatnlaoBB* 

AltiBgiacBB. 

PlatanaoBB. 

CorvlaoBB. 

JiurJaadacBB. 


Among MonoohlamydeouS Gymnosperms — 
Ckniiibne. | XaaaceB. | GnetaoBB. 
Among Diotyogenons Monocotyledons — 

SmilacBB. 

Among Petaloid Monocotyledons^ 


CycadaoBB, 


OrchidacBB. 

ZingiberaOBB. 

MuaaoBB. 

LiliacBB. 


PalmB. 

PandaaaoBB. 

AraoBB. 




Among Olnmiferons Monocotyledons 
QyperaoBB. 

Among Acrogenons Acolyledoneh— 


GfaminBB. 


niioBs. 


lO^oopodiaoBB. 

EqtdBBtacBB. 


Hiiwd. 

HepaticB. 


Among Thallogenoos Acotyledons — 


liahaiiBB. 


CharaeBB. 


1702. On taking a general survey of the known fossil plaats^ 
Brongniart thinks that he can trace three periods of vegetation, cha- 
racterised by the predominance oi certain marked forms ^ pkntA In 
the most ancient period there is a predominance of Acrogenons Cryp- 
togamic plants ; this is succeeded by a period in which thete is a pre- 
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pcmderaaoB of GTDooioqpermofUs Diootyledons ; while • third period is 
marked by the predominance of Angiospermons Diootyledone* There 
is thns^l. The reign of Acrogens, which includes the plants of the 
Oarboniferons and Permian periods. During these periods, there seems 
to be a predominance of Ferns, a great development of LyoopodiaoesB, 
arborescent forms of Lepidodendron and Sigillaria, Gymnoq>enn8 
allied to Araucaria, and anomalous Gymnosperms, as NOggerathia* 
2. The reign of Gymno^rms, comprehending the lower and middle 
secondary periods. Here we meet with numerous Coniform and Oyca- 
dacese, whUe Ferns are less abundant. 3. The reign of Angiosperms, 
embracing the Cretaceous and the Tertiary periods. This is charac- 
terised by the appearance of Angiospermous Dicotyledons, a class of 
plants wMch constitute more than three-fourths of the present vege- 
table productions of the globe, and which appear to have acquired a 
predominance from the commencement of the Tertiary formations. 
These plants appear even at the beginning of the Chalk formation. 

1703. I. Beign of Agrogens. — In the lower Falmozoic strata the 
plants which have been detected are few. In the Silurian, Cambrian, 
and Old Bed Sandstone systems, we meet with the remains of ancient 
marine plants, as well as a few terrestrial species. In the Lower Si- 
lurian or Grauwacke, near Girvan, Hugh Miller has found a species 
resembling Zostera in form and appearance. In the lower Old Bed 
Sandstone of Scotland, he has detected Fucoids, a Lepidodendron, and 
Lignite with a distinct Coniferous structure resembling that of Arau- 
caria,^ besides a remarkable pinnate frond. In the middle Old Bed 
of Forfarshire, as seen in the Arbroath pavement, he has collected 
specimens of a peculiar plant, bearing organs which resemble in ap- 
pearance small receptacles of Nelumbium, besides a Fern with reniform 
pinnm and a Lepid(^endron ; while, in the upper Old Bed near Dunse, 
a Neuropteris, l^e N. gigsftitea, of the Coal Measures, and a Calamite 
have been discovered by him,-l- In the Old Bed Sandstone rocks at 
Oporto, Bunbury detected Pecopteris Cyathea, P. muricata, and Neu- 
ropteris tenuifolia — Ferns allied to those of the Coal Measures. 

1704. The Carboniferous period is one of the most important as 
regards fossil plants. The vegetable forms are numerous and uniform 
throughout the whole system, whether exhibited in the Old or the 
New World. The important substance called coal owes its origin to 
the plants of this epoch. It has been formed under great pressure, 
and hence the appearance of the plants has been much altered. 
On examining thin sections of coal under the microscope, we can 
detect vegetable tissues both of a cellular and vascular nature. In 
Wigan cannel coal, vegetable structure is seen throughout the whole 
mass. Such is likewise the case with other cannel, parrot, and gas 

* Milltr'i FootpriaU ofthe CrMtor, 19S499. Doabte hATe bean thrown on the eatlqidtjof thii epe- 
dmen by those who airport the erroneoas progreaeire Aerelopment theory { but the pretence, in the 
atne nodular of e aoato of a fish only found in the lower Old Red, pate the matter beyond donbt. 

t Spedamna of thaae foiail plaata, aa well aa nnmanaa othera, lUnatiating the foaafl flora of Seot- 
land, are tobeaeeniB Mr. lfi]ler*ataitairaatijigMiiaenm. 
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coals. In common honsehold cod, also, evident traces of organic tisme 
have been observed. In some kinds of coal punctated woody fibre 
bas been detected, in others scalariform tissue, as well as cells of dif- 
ferent kinds. Sporangia are also occasionally found in the substance 
of coal, as shown by Mr, Daw in that from Fordel. The structure of 
coal in different be^ and in different parts of the same bed, seems to 
vary according to the nature of the plants by which it has been formed. 
Hence the different varieties of coal which are worked. The occur- 
rence of punctated tissue indicates the presence of Coniferas in the 
coal bed, while scalariform vessels point to Ferns, and their allied 
foni^ such as Sigillaria, Stigmaria, and Lopidodendron. The ana- 
tomical structure of the stems of these plants will undoubtedly have 
some effect on the microscopic characters of the coal produced from 
them. In some cannel coals the structure resembles that of Tree- 
ferns of the present day. A brownish-yellow substance is occasionally 
present, which seems to yield abundance of carburettod hydrogen gas 
when exposed to heat. 

1705. It appears that in general each bed of coal is accompanied 
by the remains of a somewhat limited amount of species Their num- 
ber, particularly in the most ancient beds, is scarcely more than eight 
or ten. In other cases the number is more considerable, but rarely 
more than thirty or forty. In the same coal basin each layer often 
contains several characteristic species which are not met with either in 
more ancient or more recent strata. Thus, there are sometimes small 
local or temporary floras, each of which has given birth to layers of 
coal. The quantity of carbonaceous and other matter required to form 
a bed of coal is immense, Maclaren has calculated that one acre of 
coal, three feet thick, is equal to the produce of 1940 acres of forest.* 
The proportion of carbon varies in different kinds of coal. Along 
with it there is always more or less of earthy matter, which constitutes 
the ashes. When the earthy substances are in such quantity that the 
coaly deposit will not bum as fuel, then we have what is called a 
shale. The qoal contains plants similar to those of the shales and 
sandstones aWe and below it. In a coal-seam there is the Under- 
clay , cont^ning roots only ; then the Coal composed of plants, whose 
roots are in the clay, with others which have grown along with them, 
or have been drifted ; while above the coal is the Sliale bearing evi- 
dences of vigorous ve^tation, and which appears like a great deposit 
from water charged with mineral matter, into which broken pieces of 
plants have fallen. There is no clear division between coal and shale. 

1706, The total thickness of coal in the Englisli coal-fields is 
about 50 or 60 feet. In the Mid-Lothian field, there are 108 feet of 
coal. Coal beds are worked at 1725 feet below the sea-level, and pro- 
bably extend down to upwards of 20,000 feet. They rise to 12,000 
feet above the sea-level, and at Huanuco, in Peru, to 14,700. f It 
w said that the first coal* works were opened in Belgium in 1198, and 

• Maefam, Geology of Fife and the Lothiana, p 110 t Otur Coal Fielda, by a TVaveller under ground. 
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eoon after in England and Scotland ; it was not till the 15tli centnry 
that they were opened in France and Germany. In 1843, the follow- 
ing were the statements as to some of the English collieries ; — 


ITAlflS or C0£UI«IS8. 


No. of Fits or 
CoUieries. 

Men and 
Boys 

Employed. 

Engfaie 
Power in 
Horses. 

Coal failed 
per aannin 
in Tuns. 

Hiver Collieries 

510 Feet 

92 

12,838 

9690 

2,468,481 

Wear Biver CoUieries 

450 

88 

11,558 

8907 

2,855,486 

Tees River Collieries 

880 

12 

1,379 

800 

1,682,404 


The following calculations have been made as to the extent of the 
coal formation in different countries, and the amount of coal raised : — 


covimrEB. 

Sq-aare Miles of 
Coal Formation. 

Tons of I'nel raised 
in 1645. 

Great Britain 

11,869 

81,500,000 

Belp^mn 

. 518 

41960,077 

United States 

188,132 

4,400,000 

France 

1 1719 

4,141,617 

Rosaian States 

1 

8,500,000 

Austrian States 


659,340 


The coal-fields in Great Britain have been estimated at 4251 square 
miles. M‘Culloch estimates the total number of persons employed in 
the collieries of Great Britain at 160,000 or 180,000, and the total 
capital employed in the British coal trade at £10,000,000. 

1707. Unger enumerates 683 plants of the coal measures, while 
Brongniart notices 500. Of the last number there ore 6 Thallogens, 
346 Acrogens, 135 Gymnosperms, and 13 doubtful plants. This ap- 
pears to be a very scanty vegetation, as far as regards the number of 
species. It is only equal to about l-20th of the number of species 
now growing on the surface of the soil of Europe. Although, how- 
ever, the number of species was small, yet it is probable that the indi- 
viduals of a species were numerous. The proportion of Ferns was 
very large. There are between 200 and 300 enumerated. The fol- 
lowing are some of the Cryptogamous and Phanerogamous genera 
belonging to the flora of the Carboniferous period :—Cyclopteris, 
Neuropteris, Odontopteris, Sphenopteris, Hymenophyllites, Alethop- 
teris, Pecopteris, Coniopteris, Cladophlebis, Senftenbergia, Lonchopteris, 
Glossopteris, Caulopteris, Lepidodendron, Lepidostrobus, Lepidophyl- 
lum, Ulodendron, Halonia, Knorria, Psaronius, Sigillaria and Stig- 
maria, Calamites, Asterophyllites, Spenophyllum, Ndggerathia, Wal- 
chia, Peuce, Dadoxylon, Pissadendron, Trigonocarpum. 

1708, Ferns are the only carboniferous fossil group which present 
an obvious and recognisable relationship to an order of the present day. 
While cellular plants and those with lax tissues lose their characters 
by fossilization, Ferns are more durable, and retain their structure. 
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It is me, however, to find the stalk ci the frond completely preserved 
down to its base. It is also rare to find fraotifioation present. In 
this respect, fossil Ferns resemble Tree-ferns of the present day, 
the fronds of which rarely exhibit fraotifioation.* Only one snr&oe 
of the Fern-frond is exposed to tow, and that g^eridly ^e least 
important in a botanic^ point of view. Fructifioation is some- 
times evidently seen, as figured by Corda in Senftenbergia* The 
absence of fructification presents a great obstacle to the determination 
of fossil Ferns. Oircinate vernation, so common in modem Ferns, is 
not commonly seen in the fossil species, and we do not in general 
meet with rhizomes. Characters taken from the venation and forms 
of the fronds are not always to be depended upon, if we are to judge 
from tbe Ferns of the present day. There is a great similarity between 
the carboniferous Ferns of Britain and America. In the English coal 
measures the species are 140. The preponderance of Ferns over flower- 
ing plants is seen at the present day in many tropical islands, such as 
St. Helena and the Society group, as well as in extra-tropical islands, as 
New Zealand. In the latter, Hooker picked 36 kinds in an area of 
a few acres ; they gave a luxuriant aspect to the vegetation, which 
presented scarcely twelve flowering plants and trees besides. An 
equal area in the neighbourhood of Sidney (in about the same latitude) 
would have yielded upwards of 100 flowering plants and only two or 
three Ferns. This Acrogcnoua flora, then, seems to favour the idea of 
a humid as well mild and equable climate at the period of the coal forma- 
tion — the vegetation being that of islands in the midst of a vast ocean. 

1709. Among the Ferns found in the clays, ironstones, and sand- 
stones of the Carboniferous period, wo may give the characters of some 
by way of illustration. Pecopteris (Fig. 1808) seems to be the fossil 
representative, if not congener, of Pteris. Pecopteris heterophylla 
(Fig. 1809) has a marked resemblance to Pteris esculenta of New 
Zealand. The frond of Pecopteris is pinnatifid or bi-tri-pinnatifid — 
the leaflets adhering to the rachis by the whole length of their base, 
sometimes confluent ; the midrib of the leaflets runs to the point, and 
the veins come off from it nearly perpendicularly, and the fructification 
when present is at the ends of the veins. Neuropteris (Figs. 1810, 
1811, and 1812) has a pinnate or bipinnate frond, with pinnm some- 
what cordate at the base — the midrib of the pinnaj vanishing towaids 
the apex, and the veins coming off obliquely, and in an arched manner. 
Neuropteris gigantea (Fig. 1811), has a thick bare rachis, according 
to Miller, and seems to resemble much Osmunda regalis. Odon- 
topteris has leaves like the last, but its leaflets adhere to the stalk by 
their whole base, the veins spring from the base of the leaflels, and 
pass on towards the point. Sphenopteris (Fig. 1813), has a twice or 
thrice pinnatifid frond, the leaflets being narrowed at the base, often 
wedge-shaped, and the veins generally arranged as if they radiated from 
the base. Sphenopteris elegans resembled Pteris aquilina in having a 

* nooker statei, that of two or three kmcli of Kew Zealand Tree-fern, not one epeciineii In a 
Iboofand betra • single fertile ficoud, though all abound in barren ones 




Fig 1808 


lig 1810 lig 1611 Fig 1812 


tinued to undergo two or three successive 
bifurcations. A little below the first 
forking two divided pinn«e were sent 
off. A very complete specimen, with 
the stipe, was collected in the coal-field 
near Edinburgh, by Hugh Miller, who 
has described it as above. Lonchop- 
teris has its frond multi-pinnatifid, and 
the leafiets more or less united together 
at the base ; there is a distinct midrib, 
and the veins are reticulated. Cyclop- 
tens (Fig. 1814), has simple orbicular 
leaves, undivided or lobed at the mar- 
gin, the veins radiating from the base, 
with no midrib. Schizopteris resembles 
the last, but the frond is deeply di- 
vided^into numerous unequal segments, 
which are usually lobed and taper- 
pointed. Caulopteris (Fig. 1815), is 



Fig 1815 


the name given to the stems of Tree-ferns found in the coal fields. 


Figures 1806 to 1814 exlublt the fronds of some of the I cms of the CarhonifiBronB epoch 
Fig 1806. Feooptens (Alethoptem) aqmhna Fig 1806 Fecopteria (Alethoptens) hetero^ylia 
Fig 1810 Heuroptens Loehii 3^ 1811 Neuroptens gigantea Fig 1812 Neuroptens acnaunata 
or ainilacifoUa Ftg 1618 Spheiu^tena affioia Fig 1814 Cycloptent dilatitta 
Itg 1815 Stem of Iree-fem cdled Canloptens or Ptychoptena Macrodiscus 
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fronds to which other names are given^ but as they hawe not been 
found attached, it is impossible to determine the point. Miller has de* 
scribed a fern as occurring in the coal measures, which at first sight 
presents more the appearance of a Cycadaceous tend than any other 
Testable organism d the Carboniferous age yet seen. He thus describes 
it “ From a stipe about a line in thickness there proceed at right 
angles, and in alternate order, a series of sessile lanceolate leaflets, 
rather more than two inches in length, by about an eighth part of an 
inch in breadth, and about three lines apart Each is furnished with 
a slender mid-rib ; and, what seems a singular, though not entirely 
unique feature in a Fern, the edges of each are densely hirsute, and 
bristle with thick short hair. The venation is not distinctiy preserved.'' 

1710. Sigillaria is perhaps the most important plant in the coal 
formation. It is found in all coal shales over the world. There are 
upwards of 60 species. It occurs in the form of lofty stems, 40-50 
feet high, and 5 feet broad (Figs. 1816 and 1817). Many stems of 
Sigillaria may be seen near Morpeth, standing erect at right angles to 
the planes of alternating strata of shale and sandstone (Fig. 1816). 
They vary from 10 to 20 feet in height, and from one to three feet in 
diameter. Sir W. C. Trevelyan counted 20 portions of these trees 
within the length of half a mile, of which all but four or five were 
upright. Brongniart mentions similar erect stems as being found near 
St. Etienne. The stem of Sigillaria is fluted in a longitudmal manner, 
and has a succession of single and double scars, which indicate the 
points of insertion of the leaves (Figs. 1818 and 1819). When the outer 
part of the stem separates like bark, it is found that the markings 
presented by the inner surface differ from those seen externally (Fig. 
1820). This has sometimes given rise to the erroneous supposition 
that they belong to different genera. In Sigillaria elegans there is a 
woody system similar to that to be noticed in Stigmaria, which is 
broken up into cuneiform plates, separated by medullary rays, and 
there is another vascular system, forming a series of bundles in the me- 
dullary axis of the stem, each placed opposite the wedges of wood. The 
bundles which go directly to the leaves are placed opposite to the 
woody wedges externally (not as in Stigmaria, opposite to the medullary 
rays). It is probable that, in Sigillaria, the outer and inner bundles 
of iiBSue communicate by the medullary rays, and that they are thus 
both connected with the leaves. There is a curious crucial mark 
quartering the base of the root, and corresponding with four main 
roots which proceed from it, 

1711, It has been recently ascertained by Mr. Binney of Man- 

deraui ftfter Lmdl^ and Hutton, firom the shale of KflUagwoTth Cdliery, showing the aears or places 
through which the ressels of the stem passed to the leares. The bark remains on the specimen, and 
the soars are dear, broad, and well defined, fig. 1819. Sigillaria (FaTnlaria) teisellata, from the 
Denbigh eoal shsle, showing the fluted stem with seen. Kg. 1890. Sigillaria reniformia after lindlej 
and Hutton, deoortleated, that ia to aaj, with the bark remored, showing contiguous onl sosrs ar- 
ranged in pairs. When the plant ii cortioated, or has the bark entire, then the scan are roundiahi 
ktdncj.duqped, haring a point in the centre, and at a little diatance on eadi side a curred mark. 
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Chester, that the plant called Stigmaria (Fig. 1821) is not a separate 
genus, but the root, or rather the rhizome of Sigillaria. It is one of 
most common productions of the coal measures, and consists of long 
rounded or compressed fragments, marked externally by shallow circu- 
lar, oblong, or lanceolate cavities (Fig. 1822) in ^e centre of djght 
tu^rcles, arranged irregularly, but sometimes in a quincuncial man- 
ner. The cavities occasionally present a radiating appoaranoe. The 
axis of the fragments is often hollow, and different in texture iVom 
the parts around. This axis consists of a vascular cylinder or woody 
system, divided into wedge-shaped masses by medullary rays of various 
breadtl^ In these rays there is another system of smaller tubes, 
which originate probably from the outer cellul^ axis, and not from the 
central woody cylinder. From the scars and tubercles arise long rib- 
bon-shaped processes, which appear to have been hollow roots com- 
pressed. Stigmaria ficoides (Fig. 1821) is often found creeping in the 
under-clay of a coal seam, sending out numerous roots from its tuber- 
cles, and pushing up its aerial stem, in the form of a fluted Sigillaria. 
On the Bolton and Manchester Railway, Mr. Binney discovered Sigi- 



Fig. 1821. Fig. 16SS. 


larias standing erect, and evidently connected with Stigmarias which 
extended 20 feet or more.* While the rhizomes, stem, and roots have 
thus been determined, we have no means of ascertaining the foliage. 
Mr, King and others suppose that the Fem-like frond call^ Neuropteris 
is connected with Sigillaria, but this is a mere conjecture. It is pro- 
bable that Sigillaria was an acrogenous plant iJlied to Lycopodi- 
aceas, although of higher organization. Brongniart reckons it among 
peculiar Gymnosperms, and King considers it intermediate between 
Ferns and Cycadacem, and says, “ if, in imagination, we delineate a 
channelled stem of any height between 12 and 100 fee^ crowned with a 

Fig. 1821. Stigmaria fleoides, oonBisting of the lower port of a atom of SigiUaeia, with rooti or 
rhiBomea, bearing flbrila. 

Fig. 1SB8. Stigmaria ficoidef (S. Anabathra of Corda), which ii coniidered aa the root or rtUaooio 
of a SigiUazia. The m ar t i n ga are the points whence rootlets proceed. 


* !nie Imbedding of ]danta in an erect state in strata is aimilar to what was notified at the pre- 
sent day by Gardner in BraxU. where items of recent Cooo-nnt Falms were seen oorsred witinand to 
thedeptiiofdOfeet 
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pendent Fern-like foliage, famished with wide-qn?eading thickly fibril 



tig 182 i Fig 1824 


led roots, and growing in some densely- wooded swamp of an ancient 



Mississippi, then we shall have formed a 
toleiably close lestoration of a Sigillaria 
vegetating in its tine habitat/* 

1712, Lepidoderdron (Figs. 1823 and 
1824) is another genus of the coal measures 
which differs from those of the present day. 
It seems to occupy an intermediate place 
between Lycopodiaceae and Coniferaj. The 
stem is from 20 to 45 feet 



high, marked outside by 
peculiar scaly-like scars 
(Fig. 1824), hence the 
name of the plant. The 
linear or lanceolate leaves 



are arranged in the same 
way as those of Lycopo- 
diums or of Coniferse, and 
the branches fork like 


Fi; 1820 the former. There is a 


Tlgntei 1823 to 1826 exhibit the Itemi of Lepidudendron 

Fjg 1823 Blfhicatotig stem of Lepidodendron obovatnm (elegane) ahoirmjr the icele-like scars, 
and the nairow-pointed leaves, resem^iig those of Lyropodjum Fig 1824 Scars on the stem of Le> 
pidodendron obovatum taken from the Beusbam coal-seam at J iirow colliery (after Bindley and Hatton) 
The marks on the oatside are obovate areoltt, with a rounded apex and tapenng base, bearing a nearly 
circular sear at the top of the areola Fig. 1826 Bepidostrobus omatos, after Lindley and Hatton, 
from the Bensham coal-seam of the Jarrow colliery, showing central axis with leaflets It seems to 
be tho fimctiflcatKMD of a Lepidodeudroiu 

Fig. 1896 T^nocarpum olivaefottne, an oiate, acuminate, three-nbbed and struted fruit or seed 
which some iioipoce to be a iq;>orang)am of a Lepulodeodroii, others refer it to Cycsdadem 
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doable vaaoalar system in the tnmk, one in the centre, and 
another placed externally to the woody mass* The latter vasonlar 
system forms a continuoiis zone ontside the wood ; its inner edge is well 
defined, and its outer, whence bundles are given off to the leaves, is 
sinuous* Although the scars on Lepidodendron are usually flattlSied, 
yet in some species they occupy the faces of diamond-shaped projec- 
tions, elevated one-sixth of an inch or more above the surface of the 
stem, and separated from each other by deep furrows ; — the surfi^e 
bearing the leaf being perforated by a tubular cavity, through which 
the bundle of vessels that diverged from the vascular axis of the stem 
to the leaf passed out. The fruit of Lepidodendron is seen in Lepi- 
dostrobuB (Fig. 1825), which appears to consist of scales covering 
sporan^a, in the interior of which are spores, consisting of three or 
four angular sporules, which have been seen in a separate state. It 
is probable that many other fossil forms are connected with or allied 
to Lepidodendrons. Thus Lepidopbyllum is probably the leaf of some 
species of the genus, while Strobilitcs is a form of the fruit. The 
slender terminal branches are noticed under the name of Lycopoditea, 
and it is likely that one or more of the kinds of Trigongcarpum (Fig. 
1826) are sporangia of a Lepidodendron. In coal from Fordel, Mr. 
Daw has detected innumerable bodies which appear to be sporangia 
of Lycopodites. Bothrodendron and Knorria appear to be forms allied 
to Lepidodendron. Some think that Halonia is the root of Lepido- 
dendron. Ulodendron appears to be a distinct genus. Hugh Miller states' 
that Ulodendron minus, found in ferruginous shale in the Water of Leith, 
near Colinton, exhibits beautiful sculptured 
scars, ranged rectilinearly along the stem. The 
surface is covered with small sharply-relieved 
obovate scales, most of them fiiriiished with 
an apparent midrib, and with their edges 
slightly tiu*ned up. The circular or oval scars 
of this genus are probably impressions made by 
a rectilinear range of almost sessile cone-like 
fructification placed on either side. When de- 
corticated, the stem is mottled over with minute 
dottings arranged in a quincuncial manner, and 
its oval scars are devoid of the ordinary sculp- 
turings. 

1713. Calamites (Figs. 1827 and 1828) is a 
reed-like fossil, having a subcylindrical, furrow- 
ed, and jointed stem, the furrows of the joints 
alternating and often converging. The stem is often crushed and 
flattened, and may probably have been originally hollow. At the 
joints, (Fig. 1828), there are toothed sheaths or tubercles, which are 

Fiff, 1837. Calftmitet Lindleyl (C. Mougeotu L. and H. foia. flora), a jointed raed-liko etem* 
fonowi on the rarfeoo. Stem with branches according to some, roots according to Bfamey. 

Fig. lass. Calamites Lindleyl. Partition of one of the Jointa. 
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disposed symmetnoidly between the farrows. The fruotifioation is 
unknown. There appears to have been a bark which could be sepsr 
rated 6ram the woody tissue below. The plants have been seen erect 
by Mr. Binney, and he has determined that what were called leaves 
or branches by some, are in reality roots. There are 51 species re- 
, corded. They have been compared to Equisetaceie. 

1714. True Exogenous trees exist in the coal-fields both of Eng- 
land and Scotland, as at Lennel Braes and Allan Bank, in Berwick- 
shire, High-Heworth, Fellon, Gateshead, and Wideopen, near Newcastle- 
upon-Tyne, and in quarries to the west of Durham ; also in Oraigleith 
quarry, near Edinburgh, and in the quarry at Granton. In the latter 
localities, they lie diagonally athwart the strata, at an angle of about 
30®, with the thicker and heavier part of their trunks below, like 
snags in the Mississippi. From their direction, we infer that they 
have been drifted by a stream which has flowed from nearly north- 
east to south-west. At Granton, one of the specimens exhibits roots. 
In other places the specimens are portions of stems, one of them six feet 
in diameter by 61 feet in length, and another four feet in diameter by 
70 feet in ler^h. These Exogenous trees are Gymnosperms, having 
woody tissue like that of Ooniferse. We see under the microscope 
punctated woody tissue, the rows of disks being usually two, three, 
or more, and alternating. They seem to be allied in these respects 
to Araucaria and Eutassa of the present flora. Dadoxylon or Pinites 
•Withami is one of the species found in Oraigleith quarry ; the concentric 
layers of the wood are obsolete ; there are 2, 3, or 4 rows of disks on 
the wood, and 2-4 rows of small cells in the medullary rays. Along 
with it there have also been found Dadoxylon medullare, with in- 
conspicuous zones, 2, 3, and 4 rows of disks, and 2-5 series of rows 
of cells in the rays. Pissadendron antiquum (Pitus antiqua), having 
4-5 series of cells in the medullary rays, and P. primsevum (Pitus pri- 
m»va), with 10-15 series of cells in the medullary rays, occur at 
Tweedmill and Lennel Braes in Berwickshire j Pence Withami (Pig. 
1807, p. 1040) at Hilltop, near Durham, and at Oraigleith ; P. Lindley- 
ana, at Whitby and Scarborough ; P. australis in Van Diemen’s Land ; 
and P. Pritchardi in Ireland. Stembergia is considered byWilliamson as 
a Dadoxylon, with a discoid pith like that seen now-a-day in the 
Walnut and Jasmine, as well as in some species of Euphorbia.* 
Stembergia approximata is named by him Dadoxylon approximatum. 
Ndggerathia and a few other plants, such as Flabellaria and Artisia, 
are referred by Brongniart to Cycadaceas. Noggerathia has pinnate 
leaves, cuneiform leaflets, sometimes fan-shaped ; the veins arise from 
the base of leaflets, are equal in size, and eitW remain simple or 
bifurcate, the neuration or venation being similar to that of some 
Zamias. 

1716. Our knowledge of the real state of the vegetation of the 
earth when coal was formed must be very limited, when we reflect 

* WaUtmton on the Stmotiue and Afflnitiet of Stembergia, ia Manoh. Ut.iuid FhiL Soo. Mem. ix. 
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how seldom the finctifioati^m of coniferotw trees has been met with in 
the coal measures. One example is given in Lindley and Hntton^s 
work, under the title of Finns anthracina, Lyell never saw one fossil 
fir-cone of the Oarboniferous epoch, either in the rocks or museums of 
North America or Europe. Bunbury never heard of more than one 
example, that noticed by Lindley and Hutton. Sir Charles Lyell re- 
marks—** To prevent ourselves, therefore, from hazarding false gene- 
ralizationB, we must ever bear in mind the extreme scantmess of our 
present information respecting the flora of that peculiar class of stations 
to which in the Palaeozoic era the coal measures probably belonged. 
I have stated elsewhere my conviction that the plants which produced 
coal were not drifted from a distance, but nearly all of them grew on the 
spot where they became fossil. They constituted the vegetation of low 
regions, chiefly the deltas of large rivers, slightly elevated above the level 
of the sea, and liable to be submerged beneath the waters of an estuary 
or sea, by the subsidence of the ground to the amount of a few feet. 
That the areas where the carboniferous deposits accumulated were low, 
is proved not only by the occasional association of marine remains, 
but by the enormous thickness of strata of shale and sandstone to 
which the seams of coal are subordinate. The coal measures are often 
thousands of feet, and sometimes two or three miles in vertical thick- 
ness, and they imply, that for an indefinite number of ages a great 
body of water flowed continuously in one direction, carrying down 
towards a given area the detritus of a large hydrographical basin, 
draining some large islands or continents, on the margins of which the 
forests of the coal period grew. If this view be correct, we can know 
little or nothing of the upland flora of tbo same era, still less of the 
contemporaneous plants of the mountainous or alpine regions. If so, 
this fact may go far to account for the apparent monotony of the 
vegetation, although its uniform character may doubtless be in part 
owing to a greater uniformity of climate then prevailing throughout 
the globe. Mr. Bunbury has successfully pointed out that the peculi- 
arity of the carboniferous climate consisted more in the humidity of 
the atmosphere and the absence of cold, or rather the equable tempera- 
ture preserved in the different seasons of the year, than in its tropical 
heat ; but we must stiU presume that colder climates existed at higher 
elevations above the sea.” 

1716. The plants of the coal measure seem to be evidently terres- 
trial plants, and fresh-water aquatics. Brongniart agrees with Lyell 
in thinking that the layers of coal have in general accumulated in the 
mtuation where the plants forming them grew. The remains of these 
plants covered the soil in the same way as layers of peat, or the vege- 
table mould of great forests. In a few instances, however, the plants 
appear to have been transported from a distance, and drifted into 
basins. Phillips is disposed to think that this was the general mode of 
formation of co^ basins. He is led to this conclusion by observing 



1058 


PAL-fiONTOLOaiCAL BOTANY. 


the fragmentary state of the steins and branches, the general absence 
of roots, and the scattered condition of all the separable organs. Those 
who support the drift theory, look on the coal plants as having been 
swept the land on which they grew by watery currents at diffe- 
rent times, and deposited in basins and large sea-estaaries, and some- 
times in lakes. The snags in the Mississippi, the St. Lawrence, 
and other large rivers, are given as instances of a similar drifting 
process. 

1717. The nature of the vegetation during the Permian Period, 
which is associated with the Carboniferous, under the reign of Acrogens, 
has not been positively determined. Brongniart has enumerated the 
fossils in three different localities, which he refers doubtfully to this 
period. 1. The flora of the bituminous slates of Thuringia, composed of 
Algae, Ferns, and Coniferae. 2. Flora of the Permian sandstones of 
Bussia, comprehending Ferns, Equisetaceae, Lycopodiaceae, and N3gi> 
gerathiae. 3. Flora of the slaty schists of Lod^ve, composed of Ferns, 
Asterophyllites, and Coniferae. The genera of Ferns here met with 
are also found in the Carboniferous epoch; the Gymnosperms are 
chiefly species of Walchia and NSggerathia. Lepidodendron elongatum, 
Calamites gigas, and Aiinularia floribunda, are also species of this 
period. 

1718. II. Beiun of Gymnospermb. — In this reign the Acrogenous 
species are less numerous, the Gymnosperms almost equal them in 
number, and ordinarily surpass them in frequency. There are two 
periods of this reign, one in which Coniferae (p. 906) predominate, 
while Cycadaceae scarcely appear, and another in which the latter family 
preponderates as regards the number of species, and the frequency and 
variety of generic forms. Cycadacoas (p. 911) occupied a more im- 
portant place in the ancient than in the present vegetable world. 
They extend more or less from the coal formation, up to the Tertiary. 
They are rare in the Gr^sbigarre, or lower strata of the Triassic system, 
and in the Chalk. They attain their maximum in the Lias and Oolite, 
in each of which upwards of 40 species have been enumerated, and 
they disappear in the Tertiary formations. 

1719. In Brongniart's Vosgesian period, the Gr^s-bigarr6, or the 
Bed Sandstones and Conglomerates of the Triassic system, there is a 
change in the flora. Sigillarias and Lepidodendrons disappear, and in 
their place we meet with Gymnosperms, belonging to the genera 
Voltzia, Haidingera, Zamites, Ctenis, JEthophyllum, and Scbizoneura. 
Species of Neuropteris, Fecopteris, and other acrogenons cpal genera are 
8^1 found, along with species of Anomopteris and Crematopteris-— 
peculiar Fern-forms, which are not found in later formations. Stems 
of arboxescent Ferns are more frequent than in the next period. 

1720. The Triassic period of Brongniart embraces the Keupric 
epoch or variegated marls of the Triassic system, the Liassic epoch, 
ti^ Oolitic, and the Wealden. The flora of the Keupric epoch Offers 
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from that of the Qr^bigarre of the Tosges* The Aorogens are changed 
9 B legardfi Bpeoies, and frequently in their genera. Thus we have the 
genera Oamptopteris, Sagenopteria, and Eqnisetum. Among Qym- 
no^perms, the genera Pterophyllum and Taxodites occur. 

1721. In the Lias the essential characters of the flora are the 
predominance of Cycadaoe®, in the form of species of Cyoadite^ Oto- 
zamites, Zamites, Ctenis, Pterophyllum (Fig. 1829)^ and Nilsonia 
(Pig. 1830), and the existence among the Ferns of many genera 



Fig. 1829. Kg. 1830. 


with reticulated venation, such as Camptopteris and Thaumatopteris, 
some of which began to appear at the Koupric epoch. Coniferous 
genera, as Brachyphyllum, Taxodite®, Palissya, and Pence are found. 
In the Lias near Cromarty, Miller found a cone with long bracts like 
those of Pinus bracteata. 

1722. In the Oolitic epoch, the flora consists of numerous Cyca- 
dacem and Coniferse, some of them having peculiar forms. Its dis- 


Fignrei 1829 and 1880. CyoadaoeoB of the Jurasi Ic epoch of Brongniart. 

Kg. 1829. Pterophylltun Prealiannm (Z«nia peetinata of Broogniart, and Zindlej and Hntton), a 
pinnated leaf, with a alender rachia. The pmnie are linear, lomewliat obtnie, with alender equal rflMi. 
It la found In the Oolite of Stoneafield (Lindley and Hntton). Fig. 1830. Nllionia oompta (Ptero> 
phyllau oomptnm of lindley and Hatton), from the Oolite of Scarborough. Lower part of the pinna- 
tidd leaf, with blunt almoit aqiuure diviaione. There are numerona veioa, alightly varying in thiAneaa. 
while In Fterophyllam there are numerona veina equal thickneaa, in Cycadltea there ia a aolitary 
vein forming a thick midrib. 
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tinctivo cbai^aoters are, the rarity of Ferns with reticulated venatioOf 
which are so numerous in the Lias, the frequency of the Gycadaceous 
genera Otozamites and Zamites, wMch are most analogous to those now 
existing, and the diminution of Ctenis, Pterophyllcim (Fig. 1829), and 
Nilscraia (Fig. 1830), genera far removed from the living kinds ; and 
lastly, the greater fr^uency of the coniferous genera, Brachyphylluxn 
and Thuites, which are much more rare in the Lias. In the ^otoh 
Oolite at Helmsdale, Miller has detected about 60 species of plants, 
including Cycadace® and Conifer®, with detached cones, and Fern 
forms resembling Scolopendrium. He also discovered a species of 
Equisetum, and a Calamite which is a connecting link between the 
Oolitic and Carboniferous epochs. 

1723. There is an absence of true coal fields in the secondary for- 
mations generally ; but in some of the Oolitic series, as in the lower 
Oolite at Brora, in Sutherlandshire, and the Kimmeridge clay of the 



Pig. 1881. Fig. 1832. 


upper Oolite, near Weymouth, there are considerable deposits of carbon- 
aceous matter, but the vegetable remains are only in the state of im- 
perfect lignite. In the sandstones and shales of the Oolitic series, 
especially in the lower Oolite of the north of England, as at Whitby 
and Scarborough, as well as in Stonesfield slate, the Portland Crag of 
the middle, and the Portland beds of the upper Oolite, numerous fossil 
plants are found. The upper Oolite at Portland contains an interesting 
bed about a foot in thickness, of a dark brown substance, containing 
much earthy lignite. This is the Dirt-bed, made up of black loam, 
which, at some far distant period, nourished the roots of trees, frag- 
ments of whose stems are now found fossilized around it. These con- 
sist of an assemblage of silicified stumps or stools of large trees, 

Fig. 1831. CjroadoidM meg&lophylla (Mnntellifi xud)formi« of Brongsiart), a •til)globoM dopreiied 
trank, with a conoare apex, and with the remaini of the petioles disposed In a spiral manner, the 
markings being transrersely elliptical. It Is found in the Oolite of the Island of Portland, in a sUici- 
fled state. 

Fig. 1838. Zamiostrohus ovatus (Zamiaovata of Lindley and Hutton), an ovate eone with a truncated 
base and obtuse apex. The genus seems to be latermediate between Encepbalartos and Zomia. It ia 
found in the green-eand at Faversham (lindlejr and Hutton). 
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standing from 1*3 feet fixm the mould. Most of them are ereet, tome 
digfatly inclined, and the TOOts remain attached to the earth in which 
they grew. They appear to resemhle Gycadaoece. One of these ia 
Cycadoidea megalophylla, shown in Fignre 1831. 

1724. The flora of the Wealden epoch is characterised in the north 
of England by the abundance of the Fern called Lonchopteris Mantellii, 
and in Germany by the predominance of the Conifer denominated 
Abietites Linkii, as well as by numerous Cycadacesc, such as species 
of Cycadites, Zamites, Pteropbyllum, Zamiostrobus (Fig. 1832), Cy- 
cadoidea, Clathraria. Mantell states that he has found 40 or 50 fossil 
cones in the Wealden of England. The remains are those of land 
vegetables* The Wealden fresh water formation terminates the reign 
of Gymnosperms. 

1725. 111. Beion of Anqiosperms. — This reign is characterised 
by the appearance of Angiospermous Dicotyledons, plants which con- 
stitute more than three-fourths of the present vegetable productions of 
the globe, and which appear to have acquired the predominance fium 
the commencement of the Tertiary epoch. These plants, however, ap- 
pear even at the beginning of the Cretaceous period. In this reign, 
therefore, Brongniart includes the upper secondary period, or the Cre- 
taceous system, and all the Tertiary period. The Cretaceous may be 
considered as a sort of transition period between the reign of Gymnos- 
penns and Angiosperms. The Chalk flora is characterised by the Gym- 
Mosperznous almost equalling the Angiospermous Dicotyledons, and by 
the existence of a considerable number of Cycadace®, which do not 
appear in the Tertiary period. The genus Credneria is one of the cha- 
racteristic forms. In this period we find Alg® represented by Cysto- 
seirites, Confervites, Sargassites, and Chondrites ; Ferns by peculiar 
species of Fecoptcris and Frotopteris ; Naiadace® by Zosterites ; 
Falms, by Flabellaria and Falmacites; Cycadace®, by Cycadites, 
Zamites, Microzamia, and Zamiostrobus ; Conifer®, by Braohyphyllum, 
Widdringtonites, Cryptomeria, Abietites, Finites, Cunninghamites, 
Dammarites, Araucarites ; and Angiospermous Dicotyledons, by Comp- 
tonites, Alnites, Carpinites, Salicites, Acerites, Juglandites, and Cred- 
neria. Between the Chalk and the Tertiary period, there is a Fucoidean 
epoch, characterised by deposits rich in Alg®, of a very peculiar form, 
belonging to the genera Chondrites and Munsteria. No land plants 
have been found mingled with these marine species* 

1726. The Tertiary period is characterised by the abundance of 
Angioi^rmous Dicotyledons and of Monocotyledons, more especially 
of Fali^ By this it is distinguished from the more ancient periods. 
An^osperms at this period greatly exceed Gymnosperms. Cyca- 
dace® are completely awanting in the European Tertiary strata, and 
the Conifer® belong to genera of the temperate regions. Although 
the vegetation throughout the whole of the Tertiaiy period presents 
pretty uniform characters, still there are notable differences in the 
generic and specific forms, and in the predominance of certain orders at 
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diffisrent q^hs. Brongniart does not entirely i^ree witli Unger as 
to ti^se epochs. Many of the formations classihed by Unger in the 
Miocene ^ykion he refers with Baulin to the Pliocene. He divides 
the Tertiar^ period, as regards plants, into the Eocene, Miocene, and 
Pliocene epochs, and gives the followmg comparative results from an 
examination of thebr'^oras : — 


Claatei and Sab-Claaaas. 

Xocone Epoch. 

Miocene Epoch. 

rUuoeno Epoch. 

Thallogen® 

16 

6 

6 

Acrogen® 

17 

4 

7 

Monocotyledones ........ 

Bicotyledones — 

33 

26 

4 

Gymnosperm® 

40 

19 

31 

Angiosperm® 

103 

78 

164 


209 

133 

212 


In the Eocene formation, the fossil fruits of the Isle of Sheppey increase 
the number of Phanerogamous plants. This is an exceptional locality, 
and is perhaps an example of the effects of currents in conveying exo- 
tic plants from remote climates. The number of plants as given by 
Brongniart is much smaller than that mentioned by Unger (p. 1044). 
The latter includes in his enumeration a considerable amount of un- 
certain species. 

1727. The Eocene epoch in general is characterised by the pre- 
dominance of Algse and marine Naiadacese, such as Caulinites and 
Zosterites ; by numerous Conifer®, the greater part resembling existing 
genera among the Cupressineae, and appearing in the form of Juni- 
perites, Thuites, Cupressites, Callitrites, Frenelites, and Solenostrobus ; 
by the existence of a number of Extra-European forms, especially of 
f^ts, such as Nipadites, Leguminosites, Cucumites, and Hightea ; and 
by the presence of some large species of Palm Ixjlonging to the genera 
FlabeUaria and Palmacites, Amber is considered to be the produce 
of many Conifer® of this epoch, such as Pence succinifera. It 
occurs in east Prussia in great quantity, and it is said that many 
pieces of fossil wood occur there, which, when moderately heated, 
give out a decided smell of amber. Connected with these beds are 
found cones belonging to Pinites sylvestris and P. Pumilio, others to 
Pinites Thomasianus and P. brachylepis. The latter two being forms 
not resembling the species which now exist. Berkeley has detected 
in amber fo^ Fungi, which he has named Penicillium curtipes, 
Brachycladium Thomasinum, and Streptothrix spiralis.* Some Cha- 
raoe® are ^so met with, as Ohara medicaginula and 0, prisca, with 
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a fossil called GyrogooiteSi which is supposed te he thsj^menle) or, 
in other words, the fructification of these plants. 

1728. The most striking characters of the Miocene epoch condst 
in the mixture of exotic forms of warm regions with those cS temperate 
climatea Thus we meet with Palms, such as species of Flabellaria 
and PhoBnicites, a kind of Bamboo called Bambnsium sepultum, Laur- 
aceee, as Daphnogene and Laurus, Cfombretaceas, as Gfotonia and Ter- 
minalia, Leguminosse, as Phaseolites, Desmodophyllmn, Dolichites, 
Erythrina, Bauhinia, Mimosites, and Acacia, ^ plants of warm 



climates ; Ecbitonium, Pltmiiera, and other Apocynacem of equatorial 
regions, and Steinhauera, a tropical Cinchonaceous genus; mingled 
with species of Acer (Fig. 1833), Ulmus (Fig, 1834), Rhamnus (Fig. 
1835), and Amentiferous forms, such as Comptonia, Myrica, Betula, 
Alnus (Fig. 1836), Quercus, Fagus, Carpinus, all ^longing to tem- 
perate and cold climates. There are a very small number of plants 
belonging to orders with gamopetalous corollas. As connected with 

Figures 188S to 1886 show the leaves of idaats belonging to the Miocene epoch. 

Fig. 1883. Acer Irilobatom, a three>lobed palmate leaf, like that ot the Maple, with the lobes 
nnequal, tncLuHlentate, the lateral ones spreading, found at (Eningen. Fig. 1884. intnus Bnmjui, t 
]ietiolate leaf, like that of the £lm, unequally ovato ncumtuaie, feather-veined and toothed, found In 
Bohemia. Fig. 1686. Bhamnus Aixoon, a petiolate eliptioal obtuse feather-veined M with an entire 
margm, found m Styna. Fig. 1886. Alnus gi aoiUs, an ovate-i»blong leaf, like that ot the Alder, found 
m Bohemia. 
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tfafi Mioceae epooh, we maynotice the leaf-bade fouad et Ardtun in 
the island of Mull by the Duke of ArgylL* Above and below these 
beds basalt occui«, and there are peculiar tuff beds alternating with 
the leafy depodts. These tuff be^ are either of volcanic ongin^ or 
axe a conglomerate stratified deposit altered in a metamorphic manner. 
The beds are associated with chalk and flints. The leaves are those 
of plants allied to the Yew^ Bhamnus, Plane, and Alder, along with 
the ffonds of a peculiar Fern, and the stems of an Equisetum. The 



genera are Taxites or Taxodites (Fig. 1837), Bhamnites (Fig. 1838), 
Platanites, Alnites, Filicites, and Equisetum (Fig. 1839). 

1729 , The flora of the Pliocene epoch has a great analogy to that 
of the temperate regions of Europe, North America, and Japan. We 
meet with Coniferaa, Amentiferas, BosacesB, Leguminosm, Bhamnaoeie, 
Aceraoem, AquifoliacesB, Ericaceae, and many other orders. There is 


Xifcom 1887 to 1689 exhibit ftregmenti of plants which occur In the leaf bed at Ardtnn Head, in 
Moll, and which ia relhrred to the Hioeeiie epoch. The figores are taken ftom the Duke of Argfll*i 
paper. 

rig. 1887. Taxitea, or perhaps Taxodites Campbelhi, a branch with leayes resembUng fhow of the 
Tew, or rather thoee of Taxodinni. Fig. 1888. Bhamnites mnltinerratns, a leaf resembling that of 
Bltaatmu. Fig. 1889. Eqaisetam Campbellii, a stem like that of an Eqaisetnm of the present day. 


* Trans. Qeol. Soe. of London, vU. 
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a small number of Dicotyledons irith gamopetalons corollas. tRm 
twenty species with ^uch corollas recognised by Brongniart are referred 



to the HypogynouB Gamopetalons group of Exogens, which in the 
general organisation of the flowers approach nearest to Dialypetalm. 
In this flora there is the predominance of Dicotyledons in number and 
variety; there are few Monocotyledons and no Palms. No species 
appear to be identical, at least with the plants which now grow in 
Europe; and if in some rare cases identity appears to exist, it is 
between these plants and American species. Thus the flora of 
Europe, even at the most recent geological epoch, was very different 
from the European flora of the present day. 

1730. Taking the natural orders which have at least four represen- 
tatives, Raulin* gives the following statement as to the Tertiary flora 
of central Europe. The Eocene flora of Europe is composed ofr 128 
species, of which 1 15 belong to Alg«, Characese, Pandanacess, Palmas, 
Naiadaceas, Malvaceae, Sapindaceae, Proteaoeee, Papilionaceae, and 
CupressinefB. The Miocene flora has 112 species, of which 69 be- 
long to Alg», Palmas, Naiadaceae, Apocynaceae, Aceraceae, Laur^eas, 
Papilionaceae, Platanaceae, Queroineae, Myricaceae, and Abietineas. 
The Pliocene flora has 258 species, of which 226 belong to AJgaa, 


• BwiluwmlwTnwiiformatttmidaUFkjrederiJuiopeemtritfftpei^ 

Aun. det Sc. N«t ad icr. Bot. x. 198. 
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Ftmg4 Mnsci, Filioes, Palm», Ericaoe«By Aqnifbliaoetd, Aoerace®, 
UloMoefB, Bhamnaoeffi, PapilionaoeaB^ Jnglandt^ao, SalicacesB, Qaer- 
cine®) BetnlaceaS) TazaceaB, Capresdnete, and Abietine«&. The Eocene 
speoieB are included in genera which belong at the present day to 
inter-tropical redone, comprising in them India and the Asiatio islands 
of Australia* Some are peculiar to the Mediterranean region. The 
aquatic plants^ which form almost one-third of the flora, belong to ge- 
nera now peculiar to the temperate regions of Europe and of North 
America, or occurring everywhere. The Miocene species belong to 
genera, of which several are found in India, tropical America, and the 
other inter-tropical re^ons, but which for the most part inhabit the 
sub-tropical and temperate regions, including the XJnit^ States. Some 
of the genera are peculiar to the temperate regions. The aquatic genera, 
poor in species, occur everywhere, or else solely in the temperate re- 
gions. The Pliocene species belong to genera which almost all inhabit 
the temperate regions, either of the (fld continent or of the United 
States. A few only are of genera existing in India, Japan, and the 
north of Africa. These various floras, which present successively the 
character of those of inter-tropical, sub-tropical, and temperate regions, 
show that central Europe has, since the commencement of the Tertiary 
period, been subjected, during the succesrion of time, to the influence 
of these three different temperatures. It would appear then, Baulin 
remarks, that the climate of Europe has during the Tertiary period 
gradually become more temperate. This may proceed either from a 
displacement of the earth’s axis or from the gradual cooling of the 
earth, or from a different proportion of land and water. 

1731. Brown coal occurs in the upper Tertiary beds, and in it 
vegetable structure is easily seen under the microscope. Gfoeppert, 
on examining the brown coal deposits of northern Germany and the 
Bhine, finds that Conifers predominate in a remarkable degree; 
among 800 specimens of bituminous wood collected in the Silesian 
brown coal deposits alone, only a very few other kinds of Dicotyle- 
donous wood occur. This seems remarkable, inasmuch as in the clays 
of the brown coal formation in many other places leaves of deciduous 
Dicotyledonous trees have been found ; and yet the stems on which 
we may suppose them to have grown are wanting. They seem to 
have disappeared by disintegration on account of the non-durability 
of their wood. The coniferous plants of these brown coal deposits 
belong to Taxinese and Cupressinese chiefly ; among the plants are 
Finites protolarix and Taxites Ayckii. Many of the Coniferaa exhibit 
highly compressed, very narrow annual rings, such as occur in Coniferce 
of northern latitudes. Goeppert has described a trunk, or rather the 
lower end of a trunk, of Finites protolarix, discovered in 1849 in the 
brown coal of Laasan in Silesia. It was found in a nearly perpen- 
dicular position, and measured more than 32 feet in circumference. 
Sixteen vast roots ran out almost at right angles from the base of 
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the tnmk, of which about four feet stood up perfect in fonn, but 
stripped of bark. Unfortunately the interior of the stem was ahnosi 
entirely filled with structureless brown cpal, so that only two cross 
sections could be obtained from the outer parts, one sixteen inches, 
the other three feet six inches broad. In ^e first section Goeppert 
counted 700, in the second 1300 rings of wood, so that for the Imlf- 
diameter of 5^ feet, at least 2200 rings must have existed. Since 
there is no reason to believe that the rings were more feequently 
formed in earlier ages than the annual zones are now, this tree 
would appear to have been from 2200 to 2600 years old. Dicotyle- 
donous stems in lignite are often of great size and age. In a trunk 
near Bonn, Ndggerath counted 792 annual rings. In the turf bogs 
of the Somme, at Yseux near Abbeville, a trunk of an Oak tree has 
been found above 14 feet in diameter. 

1732. We have thus seen that the vegetation of the globe has 
undergone various changes at different perils of its history, and that 
the farther back we go, the more are the plants different from those 
of the present day. There can be no doubt that there have been suc- 
cessive deposits of stratified rocks, and successive creations of living 
beings. We see that animals and plants have gone through their 
different phases of existence, and that their remains in all stages of 
growth and decay have been imbedded in rocks superimposed upon 
each other in regular succession. It is impossible to conceive that 
these were the result of changes produced within the limits of a few 
days. Considering the depth of stratification, and the condition and 
nature of the living beings found in the strata at various depths, wo 
must conclude (unless our senses are mocked by the phenomena pre- 
sented to our view) that vast periods have elapsed since the Creator in 
the beginning created the heavens and the earth. The six days in 
which the present state of the globe was formed is what is recorded 
in Genesis. All the previous epochs are passed over, and are only 
marked in the palsoontological records, which are brought to view and 
decyphered by geologists. 

1733. When we find animals and plants of forms unknown at the 
present day, in all conditions as regards development, wo read a lesson 
in regard to the history of the earth^s former state as conclusive as that 
which is derived from the Nineveh relics (independent of Bevelation) 
in regard to the history of the human race. There is no want of har- 
mony between Scripture and geology. The Word and the Works of 
God must be in unison, and the more we truly study both, the more 
they will be found to be in accordance. Any apparent want of corre- 
spondence proceeds either from imperfect interpretation of Scripture or 
from incomplete knowledge of science. The changes in the globe 
have all preceded man’s appearance on the scene. He is the chi^ac- 
teristic of the present epoch, and he knows by Revelation that the 
world is to undergo a further transformation, when the elements shall 
melt with fervent heat, and when all the present state of things shall 
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be disBolved ere the ushering in of a new earth, whmin xighteousnein; 
is to dwell.* 

1784. Recapitulation of the chief points connected with Fossil 
Botanj : — 

1. The vegetation of the globe has varied at different epochs of the earth's history. 

2. The finther we recede in geological history from the pieeent day, the greater is the 

difference between the fossil plants and those which now occupy the sarfooe. 
a All fossil plants may be referred to the great classes of plants of the present day, 
Acotyledons, Monocotyledons, and Dicotyledons. 

4. The fossU genera and species are different firom those of the present flora, and it is 

only when we readi the recent Teotiary period that we meet with some apparently 
identical genera. 

5. Fossil plants are preserved in varioos conditions according to the nature of their 

stmcture, and the mode in which they have been acted npon. 

6. Cellnlar plants have rarely been preserved, while woody species, and especially 

Ferns, which are veiy indestructible, have retained their forms in many 
instances. 

7. In some cases, especially when silicified or charred, the structure of the woody steins 

can be easily seen in thin sections under the microscope. 

8. The determination of fossil plants is a matter of great difficulty, and requires a 

thorough knowledge of structure, and of the markings on stems, roots, Ac. 

9. The rocks containing organic remains are called fossiliferous, and are divided into 

Palieozoic, Secondary, and Tertiary, each of these series being characterised by a 
peculiar flora. 

10. The mere absence of organic remains will not always be a correct guide as to the 

state of the globe, for rocks deposited in a deep sea may show no such remains. 

11. The number of fossil species has been estimated at between 2000 and 3000, but many 

parts of plants are probably described as separate species, or even genera, and 
hence the number is greater than perhaps it ought to be. 

12. Brongniart divides the fossil flora into three great epochs The reign of Acro> 

gens; 2. The reign of Gymnosperms ; 3. The reign of Angiosperms. 

13. The reign of Acrogens embraces the Carboniferous and Permian epochs, in which 

there was a predominance of that class of plants, associated, however, with 
others of a higher class. 

14. The reign of Gymnosperms embraces the lower and middle Secondary periods, and 

is characterised by the presence of numerous Conifersa and Cycadaceie. 

15. The reign of Angiosperms includes the Cretaceous and Tertiary period^ and is 

marked by the appearance of Angiospermons Dicotyledons. 

16. Coal is a vague term, referring to all kin^ of fuel formed by plants, and displaying 

a greater or less amount of vegetable structure under the microscope* 

17. When there is a great admixture of mineral matter, so that it will not bom as fuel 

then a shale is produced. 

* On the Buhiect of FmbII Botany the following works may be consulted t— Bowerbank, Fossils of 
the Loodon Clay. Brongniart, Biatoire dea V^gStaux Fossiles ; Frodrome d*ane Hutoire des V5g5- 
taoxFosiUes^ Obsenrations lur la Structure interieure du Sij^aria, in Arcblyea dn Museuin, 
i. 406{ Sxpoeition chronologiqiu des Periodes de Ydgdtation, in Ann. dM 6c. Nat 8d ler. Bot xi. 
285. Cool Plants, in Penny CyelopaBdia, til. Oorda, Flora der Vorwelt. Qoeppert, Systema Iffioiim 
Fossillaw, in Nora Acta, xvii. ; Honographie der FossUen Coniferen, 1^. Qiabel, PBlsMitto> 
logie. Hooker on the Vegetation ct ihs Carboniferous Period, in Hem. of Geol. Surrey ih King on 
SigiHaria, Ice., in ISdin. New Phil, loumal, xxxri. lindley and Hutton, Fossil Flora. Our Coalflelds, 
by a TrareOer under ground. 8oho«w*s Earth and Man, translated by Henfoey. RauHn sar la 
Flore de PEuiope pmidant la periods Tertiaire, in Ann. des So. Nat 8d ear. x. 198. linger, Qeaciu 
Plaatarum Fowdlimn} Chloria Protogma; Le Monde Prlmltire (a work which oontaina pietureaque 
views ol the supposed state of the earth at different geological epochs). Witham on the Struc- 
tura of Foaail Y^getahlaa . Baaldas ga(dagjoa] works sndi as those of Ansted, Mantell, and 
Beudasit. 
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18. The mferoecoi^ straetare of Ooel Teiies eooording to the nctote of the plente of 
which it if eomposed, end tiie ehinges {NPodnoed bf pressure, heat, and other 
causes. Cdlular tissiie, ptmctated woody flbres, and acaUriform veasds have 
been detected in it ^ 

18. Certain temporaiy and local floras seem to have given origin to peculiar layem of 
coal. 

20. At the CarboniferouB epoch we meet with Fema, Sigillarias and their roots or 

rhizomes called Stigmarias, Lepidodendrons, Lyoopodiacem, Ulodendrons, Cala- 
mites, and Dicotyledonous Oymnosperma, 

21. The plants fiirming coal appear fi^uently to have grown In the basin where the coal 

has been found ; but some plants seem also to have been drifted like snags. 

22. The strata between the Permian epoch and Chalk display numerous Gymnosperms, 

especially belonging to the Cycadaoeous order. Some of them ei^ibit limited 
coal deposHs. 

23. The Chalk and Tertiary strata display not only Aorogens and Gymnogens, but also 

Angiospermoua Dicotyledons, some of which, at the Miocene period belong 
apparently to genera of the present day. 

24. Raulin thinks, that during the Tertiary epoch the flora of Europe has gradually as- 

sumed a more temperate character. 




APPENDIX. 


I. DIBECTIONS FOR COLLECTING AND PRESERVING 
BOTANICAL SPECIMENS* 


1.— INSTRUMENTS REQUIRED FOR THE EXAMINATION 
OF PLANTS. 


1735. We have already adverted to the examination of specimens by the 
aid of lenses and microscopes (p. 12.) It is sufficient to state here that the 
student requires for the determination of the orders, genera, and species of 
the plants he gathers, a lancet-pointed knife, a pocket lens for ^ to 1 inch 
focus, and a pair of small forceps. With the view of holding the object 
steadily, the blades of the forceps may be made so as to be fastened by a 
sliding button. 

1736. When examining minute plants, such as Diatomaoess and Desmi- 
diesB, during an excursion, it Is useful to have a simple microscope similar 
to that represented in Figs. 1840 and 1841 .t It consists of a Wollaston’s 
doublet, fixed in a round plano-concave brass disc (Fig. 1840, a), attached 
to a small brass handle (Fig. 1840, 5.) For ordinary botanical purposes 
a lens magnifying 65 to 70 diameters is enough ; but the lenses may be 
procured with a power of 150 to 220 diameters. On the plane side of 
this brass disc, there is a ring of silver (Fig. 1840, c), in which a thin piece 
of glass is fixed, also supported by a brass handle, which acts as a spring, 
so as to keep the two rings in contact. In the handle of the first-men- 
tioned disc, there is a screw (Fig. 1841, d), which passes through it, and 
by the motion of which the two handles can be separated or allow^ to come 
close to each other. By this means an exact focal distance can be obtained. 

* In iheie directionf, we have followed In a great meaanre those drawn np by Dr. GreriUeand Pro- 
fessor Christison, and published by the Botanical Society of Edinburgh. 

t This instrument, called Gaiidner’s portable simple microscope, is manufSctured by Hr. Bryson, 
24 Princes Street, Edinburgh, and is fitted in a case so as to be easily earned in the pocket. It h 
described in Dr. Bennett’s Lectures Clinical Medicine, from which the Sgures are taken. 
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A drop of fluid oontaiiiing Diatoms, &c. is placed on the outside of the thin 
glass in the silyer ring, and it is then covered hf a similar piece of thin 
glass, urhioh adheres by means of the fluid. The object being brought into 
focus, as in Figure 1841, the observer can dsstinguish the characters of the 
minute plant, so as to determine whether it is necessary to take specimens 
home for more careful examination by the compound microscope. 

1737. We have already stated that for the purposes of d^sification a 



184# 1*ig IMl Fig 1842 

simple mioroBcope is that which is most serviceable to the botanical student, 
while for physiological researches, a compound instrument is indispensable 
Very good students’ instruments are made by Smith and Beck in London, 
and by Nachet and Oberhiuser in Paris. One of the latter as used by Dr 
Bennett, is shewn in Figure 1842, which is taken from his lectures on Clinical 
Medicine. The flgiue is one-fourth of the real size of the instrument The 
body consists of a telescope tube eight inches m length, held by a split tube 
thr^ inches long It may be elevated or depressed by the hand by a cork- 
screw movement, and this constitutes the coarse adjustment It is attached to 
a cross-bar and pillar, at the lower portion of the latter of which there is a fine 

Fignret 1840 and 1841 npreaent Gairdner^ portable eimple microecope 
4 In t ig 1840 there u given a front view of the inttnunent, ihowing the poetenor tilver rug, e, en- 
oloemg a pMoe of thm glaei, iqiarateil andtoioed aude from the diac, a, containing the donbl^ to 
which the eye of the obierver la apphad. Fig. 1841 ezhibiti a lateral new of the instroment, with 
theaereWfdiby mesaaof which the handlei are s epa ra ted or apprexnaated, lo as to bring tJie 
mtofocni. 

Fig 1818 Obeche]iMr*i portable ittidettt*i mieroeeope 
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fcrew* ThestageisiiiJrMincheabvoftd^iadiwoixidahaJfliM^Mft 
deepy inth % eixoulax diaphragm helov it. Tht base of this portable iastiiQr 



Jf’ig. 1848. 

ment is loaded with lead so as to give it steadiness. A s imi la r instrument 
is made by Nachet, in which there is a broader stage, and a broader base, 



Fig. 1844. 

as well as a means of inclining the body of the instrument. It has bee% 
preferred by botanical students in Edinburgh, and it is cheaper than Ober- 

flgnrei 1848 and 1844 represent Oraby*s pnisblt eonpomid mierotcope oambslf its real tisa * 
Hg. 1848. The inttmment in lie ease. Fig. 1844. The iaatmment aunuited. A Adi ASMTiptioD 
la fivtsi bj Hr. Bennett in the Sdinbni^ Ifoathly Medieal Journal Air Decenber UMa * 
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hSiuei’s.* As a portable compoimd microscope is sometimes wanted by a 
student, Dt* Bennett bas given the accompanying figures of one recommended 
by Qruby of Paris. In ^gure 1843 the instrument is shewn in its case, and 
in 1844 it is mounted. The woodcuts are exactly one-half the real size, and 
give a good idea of the instrument, a detailed description of which is not 
required. The markings on some of the Biatomaoese are good tests for 
microscopes. Messrs. Sollitt and Harrison of Hull give the following state- 
ments in regard to the number of cross striss on certain Diatoms, with the 
power of lens required for them and the angle of aperture : 


'“ogllSC'' N«BeofH.to« 


Na of Stritt Angle of 

in an Inch. Ap^nre. 


84,000 


40 


4 inch of 
Nachot. 


P. Hippocampus (fresh water) 

P. Spencerii 

P. strigosum.. 

P. quadrat am, large 

small 


42.000 

50.000 

60.000 
60,000 
70,000 


4 inch of 
Nachet. 


P. angulatum, largo 

small 

P. Fasciola 

Nitzschia sigmoidea 


70.000 

80.000 
90,000 

106,000 


inch of f 
Ross or Powell ( 


Navicula Aous (Amphiploura 
pellucida) 


I * 130,000 


60 

70 

80 


90 

95 

110 

120 


150 


In using these tests, the observer must have glasses with a large angle of 
aperture and the finest definition ; and there must be a careful management 
in some instances of oblique light.f Besides these, the following are mounted 
as test objects by Messrs. Smith and Beck, London : 

Kitzschia lanoeolata. Pleurosigma Nubecula. 

Navicula rhomboidea. ■■ delicatulum. 

Pleurosignia elongatum. — obscurum. 

— - ' ' intermedium. acuminatum. 

— — — littorale. attenuatum. 

— lacustre. macrom. 


* Ttie following are the powers Obiear measurement) of Nachet^s student's compound achro- 
matic mierosoepei— 


Objxotivu 

(Object- 

Gi^assBe). 

Oouukis (Etb-Fuccxs) 

1 

8 

8 

1 

70 

00 

140 

8 

100 

250 

400 

6 

280 

860 

600 


the price of the fostrument, with all these powers, is 190 francs, exclnsiye of duty and carriage i 
without Na 2 ocular, aind No. 6 ddeotiye, it is 160 francs. 

+ For iUuminaiion, the Psrisian Hoderator Lamp seems to be the best. It can be procured in 
Rdinburihy from Mr. John Millar, 2 South St. Andrew Street. 
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S.--aBLBOTION OF BPBOIMMS FOB THE HEBBARIUM. 

1738. SpecimdiiB should^ if pos8ibl6^ be gatbcored in fine weather) and 
free from external moisture. 1^ selecting them, care should be taken to 
haTe the plants in a perfect state of gn>wth) with all the parts £rom which 
characters are taken. The entire plant, with roots, stem, leayes, and flowers, 
when practicable, should be preserved ; and the roots should be washed 
before being put into the box of the collector. In the case of very large 
herbaceous plants or shrubs or trees, portions only can be taken. These 
should always be carefully selected so as to exhibit ^e characteristic organs. 
In plants, such as Hieracia, where the root and stem leaves difier, both 
shoidd be preserved. In the case of tall and slender Oramineie and 
Oyperacess, the specimens may be folded once or twice backvrards and 
forwards, and thus suited to the size of the paper used in forming the her- 
barium ; and the folds may be secured during drying by being pushed 
into slits in small strips of paper, to be afterwards notic^. Ferns and 
many other tall plants may be preserved entire in the same way. A 
thick branch or stem should be split, so as to allow of pressure being 
applied ; and very thick roots, as well as bulbs and corms, may be similarly 
treated. 

1739. Plants belonging to such orders as Leguminosss, Eosacese, Umbels 
lifersB, Oompositee, &c., require that we should have both the flowers 
and the fully matured fkiit preserved. In the case of dicecious plants, it 
is obvious that male and female flowers must be taken. This may bo illus- 
trated in the species of Salix, of which, moreover, it is requisite to dry both 
the flowering shoot and the leaf-bearing branch. This implies collecting 
the specimens at diflerent periods of the year, care being taken that they 
are procured from the same plant. The species of Eubus cannot be recog- 
nised without having the young barren shoots preserved, as well as the 
flowering and fruiting ones. Care must be taken that the characters are recog- 
nisable after the plant has been glued on paper ; thus both sides of the 
fronds of Ferns must be displayed, and this may be done either by folding 
or by having two fronds. Specimens should be taken from different dis- 
tricts and from different localities with the view of recording their geogra- 
phical distribution. Yarioticsare also of importance ; and monstrosities, as 
illustrating morphology. 

1740. Dissections of the different parts of plants, dried separately and 
afterwards glued on paper in proper order, are most valuable to the student 
in fixing in his mind the characters of plants. Beautiful specimens of such 
dissections made by Dr. Murchison, Dr. Lauder Lindsay, Dr. Priestley, and 
Mr. Maclaren, are to be seen in the Museum of Economic Botany at the 
Edinburgh Botanic Garden. When examining a plant carefully, with the 
view of determining its genus, it is useful to make a dissection of those 
parts of the flower whence the generic characters are taken, and to preserve 
in an envelope, along with the specimen, the separate portions after being 
dried. This will render the herbarium specimen very valuable for future 
reference. No bad specimens should be preserved. Dr. Greville says that 
it should be adopted as a canon by the botanical collector, that no specimen 
is to be admitted under the idea that it will do for a duplicate, if it would 
not do for his own herbarium. 
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a--APPARATUS REQUISITE FOR COLLEOTIKa AKI) 
PRESERVING PLANTS. 


1741. Tbb Diogbb.— This isaBort of trowel (Fig. 1845) seven or eight mebas 
long, the iron or steel spud 2^ inches long, 2^ in^es wide at the top, narrowing 
graduallj to two inches at the bottom, the lower angles 
beini^ slightly rounded. It should be made sufficiently ^ 

strong to resist considerable force in digging out plants //] I 
from the crevices of rocks, &c. The iron portion which 
unites the spud to the handle should be particularly 
attended to in this respect. This small spade is put 
into a leather sheath which is fastened round the 
waist by means of a strap. A long string passed 
through the handle fastens the spade to the strap, and 
prevents it from being lost. 

1742- The Vasoulum or Botanical Box. — This is a 
japanned tin-case, convex on both sides (Fig. 1846), not 
less than twenty inches long, so as to contain full-sized herbarium speci- 
mens. The width and depth will vary according to the fancy of the col- 
lector ; but a box eight or nine inches wide by five inches deep is found not 
to be too large in productive herborizations. A good sized handle is placed 

at one end of the box, and wire loops are 
firmly fastened at each end, a, on the 
lower side, so as to receive a strap by 
means of 
the back. 




rig. 1846. 





rig. 1846. 


which the box is carried on 
It is of importance to havo 


the lid of the vasculum large, occupying 
nearly the whole of the upper surface, in order that the specimens may 
be put in without being folded or crushed. The best mode of securing the 
lid is by a wire passing into a tin sheath, and so formed as not to be liable 
to slip out when the box is held by the handle. The specimens should be 
put in the box in a uniform manner, the flowers at one end and the roots 
at the other ; and care should be taken to have the former (which should 
be the end where the handle is) always kept in the higher position when 
carried on the shoulders. Besides this largor box, which Greville calls the 
Magnum, there should be a small pocket vasculum of a similar form for 
holding Mosses and small plants. In collecting minute aquatic plants, as 
Desmidiese and Biatomacem, it is necessary to have small glass bottles or 
test-tubes fitted to a small case. The corks should be numbered to faci- 
litate notes being taken at the time of the localities in which the specimens 
were collected. 

1743. The Field Book. — In many instances, it is found of advantage to 
put plants into paper during the course of a walk. This is especially neces- 
sary in the case of species whose flowers fall off, such as Trientalis europsaa, 
Rubus Ohamsemorus, and Veronica saxatilis, as well as some delicate pl^ts, 
as Ferns, whose fronds easily shrivel. This is accomplished by having a 
field book, which may be made of any size, from that of a li^ge po^et 


Fig. 1645. Botanloid digger, to be carried in a leather eheath, fastened remnd the waist hj means 
o| a strap. 

Fig. 1846. The form of the botanical box recommended. For dimenaiotis, see the deMsr^tion in 
the text. 
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book to a f<^o^ and ii itt Ibct a portfolio, oont aiaiii| g a quanti^ of abaorbent 
pi^, tfliopowy pMMivo being etarape (Fig. 1647)4 ▲ 

conyeoient field-book used by rtudento ia Bdinburgb is lepxeaentedby Figoxt 
1848. It is made of two mahogany boards about uixm inches long by fiye 
broad, oontaining from 12 to 64 paroels of pi^er, each paaroel oonsiflting of 
four ^eets, the back of the parcels being corc^ with strips of leathw or 
doth. The boards may be rendered firm by 
being made each of two thin layers of crossed 
wood fSutened together in the way afterwards 
noticed when speaking of large boards. Two 
narrow leather straps pass through two holes in 
one margin of each of the boards, and also through 
slits in the leather-covered backs of the parcels 
of the paper, a, so as to prevent them from falling 




lig 1847, 


Fig. 1848. 


out when the field-book is opened. In the case of one of the hoards the 
two straps also pass through perfoxations in its other margin, by and under 
these another strap is passed for the purpose of suspending the field book 
round the neck. The two small straps pass through grooves in the margin 
of the other board, <?, and are thus buckled so as to apply pressure. An oil 
cloth covering may be attached to be used in wet weather. 

1744. Paper. — The paper used for the process of drying plants should be 
moderately absorbent, so as to take up the moisture of the plants, and at 
the same time to diy rapidly after being used. That which is generally 
employed in Edinburgh is Weir's botanical drying paper.* Bentall's paper 
is also used, and is equally good. The size recommended is eighteen inches 
long by eleven broad. In the ease of very delicate plants which cannot be 
easily removed, it is best to put them at first carefully within a sheet of very 
thin crown tea-paper of the same size as the drying paper, and when trans- 
ferring the specimens into diy paper, to remove the thin paper and its 
con^nts without disturbing the specimens. This is useful in the case of 
such plants as Myriophyllum, Ceratophyllum, VaUisneria, and other aquatics, 
as well as Viola lutea, whose petals collapse if removed in the ordinary way 
after a day's pressure. In order to keep the paper dry during travelling, a 
^ cloth is requisite. It should be put round the paper, while the 
wick bo^ds ue placed on the outside. When plants are in the process of 
drymg, the oil cloth arts prejudiciaUy, in preventing evaporation. It should 
not therefore be used in such circumstances, unless positively neoessaxy. 


Fig. 1847. A portfobo which may be meg m a field-book, 
linpi, and an od^iloth cover being need when required. 

Fig. 1648. Field-book generally used in Edinburgh. 


proMure being qiphed by i 


aiiBhngl,. nto the num. of tho 
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1745. BoABDf. — Older to subject the speciinens to piesiure, boards of 
different kinds must be used. These should be exactly the tiae of the 
drying paper. Two of the boards should be thicker and stouter than the 
rest; so as to serve for outside boards; without being liable to split. These 
outside boards are often made double, and ^ or { of an inch thick ; each 
double board being composed of two thin ones, the grain of the one cross- 
ing that of the other (as in the case of the field boards already men- 
tioned), closely glued together, and firmly secured by small screws along 
the edge, at intervals of three inches. They may be rounded on their 
outer margins. Besides these, there ought to be provided eight inside 
boards about f of an inch in thickness. These ten boards fctan a set 
which will serve for two reams of paper. When the plants are dried by the 
pressure of a weight, it is well to have the lower board raised above the 
fioor by a couple of fiat cross bars on its under surface. Some sheets of 
stout pasteboard are convenient for separating the plants, and for packing 
them as they become dry,andparticul^lyfor preventing woody plants &om 
injuring those placed above and below them. 

1746. Pbsss. — There are various modes of applying pressure. Some use 
screw presses of different kinds, with the screw applied in the centre, or at 
both ends The simplest method is to employ iron weights, or a heavy 
square stone, with an iron ring fixed in the centre. The pressure is in this 
way never relaxed, as is the case with the screw press. The weight used 
should not be less than 100 pounds. In travelling, the best mode of ap- 
plying pressure is by straps, or by means of a stout rope passed round 
the ends and margin of the boards and paper in a cross manner, and then 
tightened by means of a rack-pin In order to allow free ventilation, and 
thus to dry plants more rapidly, Mr. Twining recommends, instead of 
boards, frames made of crossed bars with spaces between them ; the sur- 
face applied to the paper being fiat, — ^the other being ribbed by means of 
pronunent cross bars, so as to leave a ventilating space between the one 



Fijf 1849 Pig.tSSO 

iiame and the other (Figs 1849 and 1850) By an apparatus consisting of 
eight of such inner frames, and two outer frames of a stouter nature, so as 
to bear pressure, the plants as well as the paper may be dried rapidly. The 
apparatus, with paper and plants firmly strapped, is suspended in a draft of 
air coming through a partially closed window, or on the branch of a tree 
in sunshine ; and it is said that desiccation of the plants and paper is ac- 
complished in four days. By the use of artificial heat in an open and airy 

Fignrei 1849 and 1660 abow the kind of boordi recommended by Hr Twining 
Fig 1849 if a frame composed of bars of wood, with tlurk cross pieces, which, when applied to 
another firame of a similar nature, leave open s^ues Fig 1850 Tlte aide view of the frames, showing 
the mode m which the cross bars act m allowing ventilation a, Side view of a single frame with its 
fonr cross bars , 5 and c, side view of two frames laid one ou the other, kept half an inch apart by 
mratts of the transverse sltps of wood 
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place, ae, for inetance, hj being placed before the fire, the drying may be 
aocompliBhed in twenty-four or forty-ei|^t hours. Mr. Twining, when in 
Switzerland, first pressed the plants tightly for 24 hours, and then piled 
them properly in the fi»me-work apparatus, which was hung up in the hot 
air of a drying room, and in twenty-four hours more they were ready for 
packing, the paper also which contained them being perfectly dry and bibu- 
louB,^ Henslow recommends that, with the view of ventilating plants during 
drying, holes should be made in the ordinary boards at regidar intervals, 
and that two of the inner boards should always be placed together, separated 
by flat cross bars which may either be fastened to the boards by liquid glue 
prepared^rom shell lac, or may be kept loose, and inserted when required. 
A complicated apparatus is suggested by M. Gannal, the particulars of 
which are given in the Botanical Gazette, ii. 55 ; and there also another 
mode of drying is described, in which plants, after having been kept in a 
press for a few hours, are exposed to the sun, or placed on a stove or in an 
oven, in an apparatus called the Coquette. This consists of two open covers 
made of strong iron-wire network fastened into frames made of light iron 
rod, pressure being applied by straps or ropes, as already mentioned. The 
open fnimes allow the moisture to escape freely. A sand-bag is sometimes 
useful in equalizing the pressure on the plants, more particularly when 
some of them have thick stems. 

] 747. Having all the necessary apparatus, the following is the mode of 
procedure in the operation of preparing plants for the herbarium. Qreville 
suggests that the collector should in the first place provide himself with a 
number of slips of paper two inches long by one inch broad, with a slit half 
an inch in length cut in the centre, and should have his knife and an ordi- 
nary pair of surgeon’s forceps at hand. A parcel of not less than four sheets 
of paper is put on one of the outside boards, then one or more specimens are 
laid on the sheet according to their size. The specimens shoiUd be spread 
out carefully, their natural habit being preserved as far as possible. When 
plants require to be folded, the slips of paper already mentioned are passed 
over the bent portions, so as to retain them in thoir position. Having placed 
one specimen or set of specimens on the sheet, another parcel of not less than 
four sheets is laid over them, and in doing this, the leaves and other parts are 
arranged with the hand or the forceps. The same process is repeated until 
a dozen or more such parcels have been arranged one over the other* Then 
a thin board is inserted, and other parcels of paper and specimens are ar- 
ranged above it, until they are exhausted, or until the bundle is of sufficient 
size. Another outer board is then laid on the top, and the whole is sub- 
jected to pressure. The paper is changed after twelve hours’ pressure, the 
plants being lifted by means of the forceps, and placed in dry parcels of 
paper, while that which is moist is hung up to dry. The intervals between 
the changing of the paper may be increased or diminished according to cir- 
cumstances. V ery succulent and wet plants require frequent changing, grasses 
scarcely require any. In eight or ten days, moist specimens will be so dry as 
to require only a slight pressure. Succulent plants, such as species of Sedum, 
are so tenacious of life, that they will continue to live even under great pres- 
sure. They must be first killed by immersion in boiling water for five or 
ten minutes, then dried between coarse napkins, and finally committed to 
paper. Unless this is done, the plants will continue to live for many weeks, 

* See a deaeription and drairmg of this apparatoa, in Botanical Oasetie* ii. iW. 
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and tha laares die and Odl off by degrees. Some bare reconunaided scarifi- 
cation in the ease of succulent plants, in order to allow the sap to flow out 
rapidly. Onfliids and other plants which take a long time to dry, and lose 
their colour during desiccation, should be put into hot paper which must be 
changed seTeral times daily. In the case of some thick-headed plants, as 
Thistles, the capitula must either be cut, or they must be crushed between 
paper by temporary pressure fl^m the foot ; this treatment must also be 
applied to such plsmts as Eryngium maritimum and the Holly. Sometimes 
the flower or parts of the flower may be separated adrantageously during 
drying by the insertion of small pieces of blotting paper. Viscid bulbs may 
also be surrounded by separate bits of paper, to prevent them from adhering 
to the drying paper. Aquatic plants and those collected in rainy weather 
should be dried as far as possible by means of napkins before being put into 
paper. The wet paper is to be hung up in parcels of four sheets in some 
warm room, and in the course of twelve hours it will be ready for use a 
second time. Along with the specimens, there ought to be inserted a label 
containing the name of the country, and of the station, its elevation above 
the level of the sea if possible, the nature of the locality in which the plant 
grew, and the date of collection. Every observation made when examining 
or collecting the plant should be carefully recorded at the time. In the 
course of long excursions, it is necessary to devote every now and then some 
time to the proper arranging and tallying of the specimens. On this subjeot 
Greville says, half a day, therefore, at least, in the middle of the week, say 
the morning of every Wednesday till two o’clock, should be appropriated to 
the preservation and arrangement of your plants ; and a part or the whole 
of every Saturday should invariably bo set apart for the same purpose, in 
order that they may not be injured by remaining untouched on the Lord’s 
Day,” 

1748. In preparing Oryptogamic plants during an excursion, it is not 
necessary to take such pains at first in their preparation, in as much as they 
may be moistened subsequently, and dried more carefully. Specimens of Oryp- 
togamic plants may be easily picked up by travellers, and, after being allowed 
to dry in the air, without any further trouble and preparation they may be 
sent home in a state fit for after examination, as well as for the herbarium. 
Sea-weeds in such circumstances should be dried in the shade, without any 
previous washing in fresh water. Many excellent Algro may be gathered in 
pools on the rocks at low water, and after storms the beach is often strewed 
with good specimens. None should be gathered in a state of decay, or with 
their colours altered. Those which grow on other species should be dried so 
as to show their natural attachment. Jffosses and JungermannisB may be 
collected in tufts or masses of considerable size, always selecting such as are 
in fructification. These tufts can be dried by moderate pressure, and after- 
wards separated, moistened, and subjected to more careful preparation. 
Lichens may be treated like Mosses. Some of them, however, adhere to 
rocks or trees, portions of which must be taken along with the plants. 
Such specimens cannot be subjected to pressure, but are left to dry, and are 
then wrapped in paper. Fungi are with difficulty preserved in a dry state. 
In preparing species of Agaricus, Boletus, &c., a thin slice is taken from the 
centre, extending from the upper part of the pileus to the lower part of the 
plant. This is dried separately. The loose ^lular tissue is iJ^en removed 
from the interior of the stalk, and the lamellte from the lower side of the 
pileus, and these organs are then dried. By these means the form of the 
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Fuiigufiishown,attdthenatu»ofit8hyTOeiiiuiii,^^ Sea-weedi we prepM»ed 

by being first wiebed in fresh water, ludd when delieate they are floated out 
on stiff white paper, which is cut into regular siees, dividing sheets into 
a given number of parts. Many of them adhere to this white paper when 
diy. The larger Melanospermous Algss should be put into boiling water 
until the mucus is all given out, and then wiped with a coarse napkin be- 
fore being committed to paper. Minute Diatomaceous plants, as well as 
other Oiyptogamic species of a small si*e, are best preserved on covered 
pieces of glass or mica.* 

1749. After specimens have been thoroughly dried, a selection is made 
for the herbarium. Such selected specimens are fsstened by means of thin 
fine glue on thick white paper, 17 inches long and 10^ broad,^ The speci- 
men is laid on a common newspaper, and the glue is then applied lightly 
with a camel’s hair pencil to the surface, or to portions of the surface; and, 
the place it is to occupy on the fine paper having been marked with a pen- 
cil, the specimen is raised wi^ the forceps, and is carefully placed in its 
position. After this any glue which may have spread on the paper is re- 
moved, and the whole is subjected to slight pressure for an hour or two be- 
tween sheets of the usual drying paper. The name of the plant, its locality, 
date of collecting, and other particulars are then marked on the paper, and 
the specimen is ready for being placed in the drawers of the herbarium casd. 
Thick or naked stems are best fastened by strips of gummed paper, or, what 
is stronger, especially for stout plants, paper covered with glue, which should 
always be ready for use, and of the same shade of colour as the herbarium paper. 
All dried specimens, especially those sent from abroad, should be touched 
with a strong solution of corrosive sublimate iu camphorated spirit or in 
naphtha (half a drachm to the ounce) before being glued. This is the only 
effectual mode of preventing the att^k of insects. The species of a genus 
after being glued should be put into one or more envelopes made of similar 
paper, or of cartridge paper, and the name of the genus attached at the lower 
part of the sheet on the outside, so as to allow of easy reference. The na- 
tural orders should also be separated by thin pastebo^ of the same size as 
the herbarimn paper, each piece of pasteboard having the name of the 
order suspended from it in front. 

1760. The size of the wooden Oase for the herbarium must of course 
depend on the extent of the collection. In a private collection it is better 
to have numerous small Oases which are easily removed at pleasure along 
with the specimens. This should be particularly attended to by medical 
students and others who have the prospect of going abroad, and who may 
wish to transport their collections to foreign countries. In such instances, 
the Oases should be strongly made, and should be not more than four feet 
high, with two rows of drawers. These drawers are made open in front, 
ajid should slide freely in the Oase. In the Edinburgh University Herba* 
rium, the size of the drawers or trays is— depth (inside measurement), 4 
inches, length 19 inches, and breadth Hi inches. The size of the frays 
should of course correspond to that of the herbarium paper. Some coUeo- 
tors have peculiar fancies in regard to the size of their herbarium. Thus a 

* For ftill airecyonH m to coUoeti&g toa toMerring Sea-weedi, no Harrejf't N«r«a BorooU- 
Amerioua, Port li. p. S8. F<w Diotomi no Smith'i British DiotomocMB. 

f The piper iind in Edinburgh is sold by Cowan and Co., Princes Streep under the nano B. 
laid Medhan, flat 4to." They have also Generic SnTdopes to suit, made of the same paper, or of 
oarCridge peper. 
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Taliiable coUeotion of Oiyptogamic plants and grasses left by Menzies to 
the Edinburgh Botanic Garden has the following dimensions : — Height of 
the mahogany cases 30 inches, breadth in front 28^, from front to back 11 ; 
depth of the trays (inside measurement) 4^ inches, length 9^, breadth 6. 


4.-.PRESBRVATI0N OF FRUITS AND OTHER BOTANICAL 
SPECIMENS FOR A MUSEUM, &c. 

1751. Fruits, specimens of wood and bark, large roots, Lichens, and 
minute Algso on rocks or stones, and other specimens which cannot be pre- 
served in a herbarium, may be either placed in drawers, in glazed cases, or 
in glass jars. The jars should be of regular sizes as regards height, say 4, 
6, 8, 12, or 16 inches, their breadth varying according to the size of the 
specimen. Succulent fruits and roots are best preserved in a strong 
solution of salt and water, or in pyroligneous acid diluted with 3-5 parts 
of water, or in alcohol. In some instances a solution of 4 ounces of bay 
salt, 2 ounces of burnt alum, and 5 grains of corrosive sublimate in 2 
quarts of boiling water, has been used. The solution, after being made, is 
filtered. All these solutions are apt to cause greater or less change in the 
colour of the specimens. Specimens in diluted pyroligneous acetic acid 
often become pulpy and brittle after a few years, so as not to admit of 
being handled, and most colours are altered by it. Spirit renders all colours 
alike brown. It is better adapted for delicate specimens, which are after- 
wards to be used for dissection. Before being put up in jars, fresh speci- 
mens should be kept for a month or more in the solution, so as to allow any 
colouring matter and other impurities to be separated, otherwise the pre- 
paration will become obscure and require to be re-adjusted. For the top 
of the jar a glass cover is the best, either luted or held in its place by a me- 
tallic ring (Fig. 1851, a), which is fitted carefully to it, and covers a portion 
of the glass lid. Two grooves may be made on the inner 
side of the rim at the top of the jar for holding a piece 
of whalebone, to which the specimen may be attached by 
means of a thread, as seen in the figure. In the case of 
dry preparations, the metallic ring already mentioned 
answers well. 

1752. It is difiicult to keep the solution of salt in the 
preparation jar. Dr. Christison says : — ‘‘The most effectual 
method, when the mouth of the jar does not exceed 2 or 
2^ inches in diameter, is to have a space half an inch or 
more at the top without fluid, to clean and dry the top of 
the jar th(ux>ughly, to drop melted sealing-wax on the up- 
per surface of the top, so as to form a uniform ring over 
it, to place over the mouth a watch-glass of such size as to 
cover the whole lip, and even to overhang it a little, to 

press this gently down with one finger, and to fuse the wax between the top 
of the jar and the watch-glass, by moving a large spirit flame around the 
edge.^* Where the mouth of the jar is large, then a round fiat piece of glass 
may be used, or sheet caoutchouc. The latter, after being gently heated, is 

Fig. 1851. Fonn of Jtr reoommendod far preparations in a Mosenm. Bpedmens are teen in the 
IfidinlMUflt Mntettm of Xeonomio Botanr, made by Stevenson, 0 Lothian Street, Edinburgh. 
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stretched moderatelj^ not strongly, by on^ or still better, by two persons, 
while a third secures round the neck two or three folds of stout twine as a 
temporary ligature. A stout thin cord is then drawn steadily and tightly 
roimd three or four times above the former, taking care that the caoutchouc 
is not cut, and that the turns of the twine lie regularly above each other ; 
and finally, that a secure knot is made. 

1753. specimens for the microscope, such as Diatoms and Desmi- 
diece, and many small Searweeds, as well as vegetable tissues, 
are put up in slides 3 inches long by 1 broad (Fig. 1852), in the 
centre of which there is a circular cavity fonfi^ by a layer of 
asphalte,^ and covered by a circular piece of thin glass. The 
asphalte is applied by means of a hair pencil, the slide being 
placed on a moveable brass disk (Fig. 1853), which has circular 
marks on it corresponding to the required dimensions of the 
cavity. The depth of the cavity can be varied according to 
circumstances, by putting one or more layers of asphalte. 
After the thin glass cover is put on, it is luted carefully with 
asphalte. The cavity is filled with distilled water, weak pyro- 
ligneous acid, alcohol, diluted glycerine, a very weak solution 
of creazote (one drop to the ounce of distilled water), or some 
other fluid. When specimens are very minute, the asphalte- 
cell is not required ; the thin glass is applied at once to 
the slide, a drop or two of the fluid being inserted 
along with the specimen. In the case of some 
dry preparations, as pollen-grains, and the fine- 
lined Diatoms, no fluid whatever is required, 
but precautions must be taken against the ac- 
cess of damp. Canada balsam is useful in 
some instances. The specimen is put on a slide, 
then a minute portion of the balsam is put above 
it, and the thin glass above all ; the slide is 
heated gently below by means of a spirit lamp 
until the balsam becomes quite fluid, and until 
all the air has been expelled by the weight of the 
glass cover. It is then set aside to dry, and ulti- 
mately a rim of asphalte is put round the margin 
of the glass cover. Canada balsam is well fitted 
for many Diatoms, and for thin sections of woods. 

In putting up woods, the specimen is placed in 
the centre of the glass, a drop of turpentine is 
put on it to expel the air, Canada balsam is then applied before the turpentine 
dries, and the same procedure is followed as above. For preparing fossil woods 

rig. 1862. GlaM slide for microscopic preparatiom, 8X1 inch. In the centre ii a ring of aiphahe, 
formmg a cell to contain fluid ; the object, marked by a X in the centre, is covered by a drcolar 
piece of thin glass fitted to the asphalte rim. The name of the object is often written on the glass, 
hut perhaps it is pretoable to write the name on coloured paper, and attach it to the glass by isin- 
glass or flue bookbinder’s glne. 

Fig. 1668. Apparatus for aiding in making the dreular rim of asphalte; £, a piece of mahogany; 
a, a circular piece of brass, which can be mored round by the hand, and has two brass springs on 

* Prepared Asphalte Is much better than gold size or black japan vamisb, inasmuch as it dries more 
rapidly, and Is less liable to run. It can be procured frmn Bmith and Bei, 6 Coleman Street, Lon- 
don, and from Bryson, 84 Prinoss SWeet, and Stark, 145 Princes Street, Edinburgh. 
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Nicol giTM the following directions off a tltin alio# in the requiied 
diiection, grind it dat, and polish it. The smooth surfime is then oexnenM 
to a jdece of plate-glass by means of Canada balsam, of which athin layer is 
to be applied to the slice of fossil wood, and another to ihe glass. are 
then placed on a plate of metal, and g^^nally heated over a slow fire, so as 



]?1K. 1664 


to inspissate the balsam, care being taken not to raise the heat so high as 
to produce air-bubbles in the fluid. The slice and glass are then removed 
and placed upon each other ; the superfluous part of the balsam being 
squeezed out by a slight degree of pressure, accompanied with a sliding 
motion. When the preparation has cooled, the portion of balsam adhering 
to the edges of the slice is to be removed with a pen-knife, and the slice is 
ground down to the requisite degree of thickness, and polished.^ In all 
instances slides should be labelled with the name, locality, and date, and 
they should be numbered and catalogued so that they may be easily re- 
ferred to when put up in Cases such as that shown in Figure 1854, or in 
cabinets.t 

1754. The DiatomacesD being either f^ee, or attached to Algse, &c«, diffe- 


rs surface for holding a glass slide firm. In the centre of the brass disc are cbroular markings fitted 
for the sixe of as^alte cells required. These marks being seen tlirough the slide laid abore them, 
guide the hand in making the oircular asphalte rim, the brass disc being turned round during the 
application. 

Fig. 1864. A Case for containing slides after being prepared. There are three dWislons, each con- 
taining twelve slides, two of which are shown prcijecting above the lower division oi the box, the lid being 
hollowed to receive them. Numbers corresponding to those on the shdes are listened on the partitions 
at the sides of the grooves which retain the slides. On the front of the box a notice of the nninbers 
contained in it should be fastened. Oorresponding Lumbers, with full particulars as to the prepara- 
tions, ought to be inserted in a book which smoi os a catalogue, in which there should be first a 
numeral progressive series, and then an alphabetical register for genera. Card boxes for holding S4 
slides are made by Smith and Back and others, price one sbilUng each, lliey are exodlent for form- 
ing a general coUectlon. Cabinets are also made for alides, consisting of drawers half-an-inch deep 
(tndnding the bottom) divided so as to hold SO, 40, or 60 slides, all on th^ back ; the drawers being 
slightly bevelled at their divisioni on one side, so that the shdes may be tQtcd up by pressing them 
down. Smith and Beck charge for a cabinet of Houdoras mahogany, capable of holding 600 slides, 
four guineas ; 760 slides, five pounds i 1000 slides, six gniness ; and 2000 slides, eleven ponnds. 


* Witham’i Fossil Vegetables, p. 76. 

i In making seotkms oi minute objects, sneh as Diatoms, they arc mixed up with plaster of Pans 
and nmeilage, and then the whole is aheed by means a shurp raxor. Small pieces of wood are 
sometimes put into a slit in a cork, and then the whole shced. 
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rent modes muai; be resorted to to coUeetiBg them, fbose wbieb eve 
etfsicbed require only (either at the time or after being dried) to be rinsed 
gently in Itoh water to get rid of the sand or mud, and Balt if any, and 
then placed in a small saucer in boiling water, with a few drops of nitrio or 
muriatic add. The cuticle bdng corroded, the Diatoms fall to the bottom, the 
floating Algss are taken out with a glass rod, and the residue washed. This 
step is merely preparatory to that of burning or boiling the objects. If the 
Diatoms be free, ^ey should, as far as possible, be gathered free ton sand 
or mud, by dcimming the su^ace of the pond or pool with an iron spoon ; 
but as much mud and sand may still be mixed with them, they ought to be 
afterwards placed in a saucer in a little water, and expos^ to the sun for 
a day or two. A tumbler or hand-glass will prevent too much evaporation. 
Diatoms, if recently gathered and alive, will come to the surfhce of the 
sediment, or water, or both, and this affords an easy mode of separating 
certain species. They may now be skimmed off with a small spoon, or, 
what is preferable, a camel’s hair pencil, and removed to clean water; 
and this process is to be repeated till the mud is got rid of entirely. 
As for preparing the specimens, they may be either burned, or boiled in 
nitric acid. For the isolated Diatoms,* as Kavicula, Pleurosigma, Coo- 
coneis, Ac. boiling is preferable ; but for the others, as Synedra, Fragilaria, 
Melosira, Meridion, Ac., if one wishes to have a few frustules cohering to- 
gether to show their habit, then burning must be adopted, as the acid 
separates them joint by joint, and valve from valve. This is accomplished 
by arranging the specimens in the centre of a glass slide, and layingithem on 
a thin iron-slide, and placing the whole within a little iron tray, closed in 
the form of a slippor, to exclude ashes. This is exposed to the fire till the 
slide is red hot. The slide is now allowed to cool, and the specimen is ready 
for being covered either with or without the mtmention of balsam. The 
latter is called mounting, and is best accomplished by making a ring of 
asphalte, and following the same process as for liquid mounting, but with- 
out liquid. When nitric acid is to be used, the cleaned Diatoms are put 
into a large-sized test tube of German glass, with as little water as possible, 
and about one part of nitric acid to four of water. After being boiled for 
two or three minutes over a spirit-lamp, the Diatoms must be allowed to sub- 
side, and as much liquor as possible poured off with any fragments of vege- 
table matter floating in it. This boiling sometimes suffices, but it is 
always preferable to add some of the strong acid, and boil the whole 
again for a few minutes, so as to dissolve any vegetable or nniwi^ l sub- 
stances remaining. As the silicious covering is very thin, and easily broken 
by a sudden change of temperature, care must be taken in washing away 
the acid, either to use boiling water, or to allow the Diatoms in the test 
tul« to cool. When a sufficient supply of pure distilled water can be 
easily got, it alone ought to be used for washing them ; but, when that is 
not the case, ordinary water may be employed for the first washing, but the 
ator washings must be all made with distilled water until the acid is got 
rid of. After being thoroughly washed, the Diatoms are kept in a 
test-tube with some distilled water. In taking the specimens from the test- 
tube, in order to put them on the slide, a pipette or dropping-tube is em- 
ployed, having a bore of about l-30th to l-60th of an inch at its lower end. 

* Dwtomf are meant thoie that are not parasitical. By isolated <» solitary Piatoms are 

msaiil those not ooimeoted nw eohermg together into threads or plates, or by a stipe, tube, « gela- 
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1755. Mr* jr^ekson remarks that it is desirable that no object submitted 
to a higher power than a quarter^inch objective of 75*^ aperture should ever 
be mounted under a cover thicker than l-140th of an inch ; if the aperture 
exceeds ISO**, the best thickness for the cover is I-25Qth of an inch.* Glass 
of this thickness can easily be cut with a good writing diamond, when laid 
on a piece of plate glass.t 7o clean the covers, he recommends putting them 
in strong sulphuric acid for a day or two, and ^en washing them repeatedly 
with water ; after that placing them, a few at a time, on a tightly stretched 
clean cambric handkerchief, and rubbing them very gently with another 
handkerchief on the finger. They should then be removed to a clean box. 
with forceps, and carefully kept fram dust and from contact with the fingers. 
The covers should be sorted according to their thickness, and this is done at 
once by Ross’s “lever of contact,” which consists of a long slender index, 
having a projecting touch near the centre of motion, which is kept in con- 
tact with a plane surface by means of a spring. When a piece of glass is 
inserted under the touch, the index points to the thickness on a graduated 
arc. The thickness may also be measured in the usual way by placing a 
fragment in the pliers, with the edge upwards, under the microscope, armed 
with an inch object-glass and an eye-piece micrometer.} 

1756. In sending home succulent fruits or roots, &c. from abroad, collec- 
tors should put them into strong brine in a barrel, sewing up each specimen 
in cloth of some kind, and attaching a wooden label numbered by branding ; 
a list with corresponding numbers opposite the names or descriptions being 
transmidled at the same time. The specimens should be loosely packed, and 
yet so as not to change their position easily. In regard to the transmission 
of plants in a living state, details have been given at p. 484, and the best 
mode of sending seeds is noticed at p. 626. 

* 1 am informed by a friend, that on account of the bnttlenesi of tbe glaii, coven thinner than 
l'l40th or l-150th of an inch are, in the hondi of moat manipulators, prattirally useless, as they 
bleak by the mere wiping or mounting, and that glass l*160tli of an inch is not ton thiek either for 
Smith and Beck’s l-5th object-glass witli lOOo of aperture, or Boss’s l-8th with 156® of aperture, 
but that when dry mounting is adopted, the object ought to be ai ranged on the under side of the 
cover, thus bringing it as near the lenses as possible 

\ QueLett on the Microscope. Sd Edit p 265. t Quarterly Journal of Miorosc. Science, 1 . 141. 



11. GLOSSARY, 


ox 

EXPLANATION OF SOME OP THE MOST IMPORTANT 
BOTANICAL TERMS. 


A, alpha privatise of the Greek, placed before a 
or Latin word, indicatca the absence of 
the organ j ihns, aphyUous, without leaves. 

Asaxial or Abaxilk, not in tlie axis, applied to 
the embryo when out of the mas of the seed. 

Abo&tion, non-development of a part. 

Abrupt, endmg in an abrupt manner, as the tmn- 
coted leaf of the Tulip tree ; ahrupthf-pinnate, 
ending in 3 pinnee, in other words, nan-pinnate ; 
abruptly-arumituite, a leaf with a broaa extre- 
mity from which a point arises. 

Abscission, cutting off, apphed to the separation 
of the segments or fnistules of Diatoms. 

Acaulib or Acaulbbcent, without an evident 
stem. 

Accrbscxnt. when parts continue to grow and 
increase after flowering, as the calyx of Fhy- 
salis. 

Accrkte, grown together. 

Acoumbbnt, applied to the embpro of Cruciferm, 
when the comedons have thdr edges apphed 
to the folded radicle. 

Ackrosx, narrow and slender, with a sharp pc^t. 

Achxnr or Aghj:niux, a nionospecmal seed- 
vessel which does not open, hut the pericarp of 
which is separable. 

Achlaxtdeous, having no floral envelope. 

Acheoisatio, applied to lenses wliich prevent 
chromatio aber^on, i. e., show objects with- 
out any prismatic colours 

Acicclar, like a needle in form. 

Aoiculus, a strong bristle. 

Aoinaciporm, shaped hke a sabre or scimitar. 

Acottlrponoub, having no cotyledons. 

Acrooarpi, Mobbcb havii^ their fiructificatiou 
terminating the bxib. 

Aoroorn and Acroornoub, a Btcm which in- 
creases by its Bummit, and which has apeculiar 
arrangement of vaBcular tissue — <See Index. 

AcuIaBUb, a prickle, a process of the bark, not of 
the wood, as in mmc ; dcakate, furnish^ 
with prickles. 

Acuminate, drawn out into a long point. 

Acute, terminating gradnally in a snaip point. 

AnsLPHOusor Adelpuia, incompositiou, means 
union of filaments. 

Adherent, united, adhesion of parts that are 
nonnallj sqHuate, as when the calyx is united 
to the ovary. 

Adnatb, when an organ is united to another 
throughout its whole length, as the stipules 


Bose, and the filament and anther in Banun- 
cnlus. 

Adprebsed or Afpressed, dosoly applied to a 
surface, as some hairs. 

Aduncus, crooked or hooked. 

Adventitious, organs produced In abnormal 
positions, as roots, from aerial stems. 

A^sti VAT] ON, the arrangement of the parts of the 
flower in the flower-bud. 

Appinity, relation in all essential organs. 

Agahous, the same as Vryptogamout. 

Ala, a wing, mplied to the latenil petals of a papi- 
lionaceous fmwer, and to membranous appen- 
dages of the fruit, as in the Elm, or or the 
sem, as in Fines. 

Albumen, the nutritious matter stored up with 
the embryo, called also jFsrupsm and Sndih 
sprrm. 

Alburnum, the outer young wood of a Dicotyle- 
donous stm. 

Algology, the study of Sea-weeds. 

Alsinaceoub, a polypotalnus corolla, in whidi 
there are intervals hetween the petals, as in 
duckweed. 

Alternate, arranged at different heights in the 
same axis, as when each leaf is separated by 
intemodes by those next it. 

Alveole:, regular cavitieB on a surface, as in 
the ree^toele of the Sunflower, and in that 
of Nelumbium whidi is called Alveolate. 

Amentum, a catkin or deciduous unisexual spike ; 
plants having catkins are Amentiferous. 

Amnios, the fluid or semi-fluid matter in the 
embryo-sac. 

Amorphous, without definite form. 

Amphisaeca, an indehiscent multOoeular fruit 
with a hard exterior, and pulp round the seeds, 
as seen in the Baobab. 

Amphitbofal, an ovule curved on itsdf, with 
the hilnm in the middle. 

Amfijixicaul, embracing the stem over a large 
part of its circumference. 

Ampulla, a hollow leaL as in Utricularia. 

Analogous, when a plant strikingly resembles 
one of another genua, so as to represent it. 

Anastomosis, union of vessels ; union of the 
final ramificationB of the veins of a leaf. 

Anatropal or Anatropous, an inverted ovule, 
the hilum and micropyle being near each oflier, 
and the cbalaza at the c^positie end. 

Anceps, two-edged. 
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GLOSSAST. 


kMDwmoivUt ihejMdeomHit of tli6 iknrer. 

AjfDBOffnrooa. wde na tmak flowen cox the 
Mae pednnde, m in Mme ineciei of Cam. 

hxowatmeamt a aialk miiponiiig the ttamens, 
often fotmed by a nnioii m thelhftnents. 

Anziy aale or etaaen^ in ooapoaitum, Jndro 
and Andnm. 

AjfVEiLCTUOBX. wavy or aiiiaoua, aa the antbora 
oi CacurfaitacesB. 

AMaiXffOHTiu, raacolar tiwue in general 

AitoioeraxiKftia, haring aeeda contained in a 
•eed<^veB8ol. 

Anuos, in com^oaition, means unequal 

ANXSQ8TXXOHOU8, atameDf not equuin number 
to the doral envelopei, nor a multiple of them. 

Anhotim US, a year 

Annulub, a rii^, applied to the elastic rim aur* 
rounding the sporangia of some Feme, alio to 
a cellular rim om the stalk of the Mushroom, 
being the remains of riie reH 

AnTxaion, same as in/ttrior, when applied to the 
pa^ of the flower in their relauon to the 
axis. 

Aivthxla, the cymose panicle of Juncaceae. 

AxTHXBy tlte part of the stamen containing pollen. 

ANTUKumuM, male or^ in Cryptogamic 
plants, frequently containing moving manienta. 

Aitthxxozoa, moving filaments in an antheri* 
dinm. 

Aktuxsis, the opening of the flower. 

Axthocaxpous, applied to multiplo or poly- 
gynijccial fruits, formed fay the ovaries of seve- 
ral flowers. 

AMTHoniUMf the capitulnm or head of flowers 
of Composite plants. 

Antuophoix, a stalk supportii^; the inner floral 
envelopes, and separating them from the calyx. 

Antbos, a flower, in composition, Jnthoi in 
Latin ftot. 

Anthotaxis, the arrangement of the flowers on 
the axis. 

Anticus, placed in front of a flower, as the lip 
of OrfMdi; Jnthera JtUiem, authers which 
on the surface next the centre of the 
t^er ; same as Intrant. 

Antitbop AL, applied to an embryo whose radicle 
is diametrically opposite to the hilum. 

ApxBi8PKXicic,without separate albumen j same 
as BxiUbuminous. 

Apxxalous, without petals, in other words, mo- 
nochlamydeous. 

Aphyllous, without leaves. 

Apical or Apicilax, at the apex ; often applM 
to parts connected with the ova^, 

Apioulatx, having an apiculus. 

Apioulus or Apiculux, a terminal soft point 
springing abraptty 

Apocaxpoub. ovary and fruit composed of nu- 
merous diswet carpelB. 

Apophysis, a swelling at Uie base of the theca 
in some Mosses. 

Apothxoiux, the rounded, shield-like fructifica- 
tion of Lichens. 

Aptxxous, without wings. 

Axachhoid. Implied to fine hairs so entangled as 
to resemble a rohweb. 

A&cbxgohiux, the young female organ in Cryp- 
togmnio plants. 

Abcuatx, curved in an arched manner, like a 
bow. 

Axxolatx, divided into distinct angnlsr spaces, 
ax Jreotm. 

Aeillub and AxiLLonx, an extra coveriiw of the 
seed, the former proceedmg from thejuacenta, 
the latbv from the exostome, as in Mace. 

Axista, an awn, a long pointed procesa, as in 
Barley and many grasses which are called 
ArittaU. 

Axxatuxx, the hairs, prickles, fce., oovering an 
organ. 

Axticulatxd, Jointed, separating easily and 
eleuUy at some point. 


Asoxirniifo, igi^ied to a nmeurnbent stem, 
which rises jgradnally freoi its base; to avnles 
attadied a nttle alwve the base of the ovary i 
end to hairs direeted towards the upper port 
of their sopport. 

Asoxniux, a pitchaor or Added leaf, as in Ne- 
penthes. 

Asous, a bag, applied to the thecae of Lkheas, 
and other C^togams, containiiig spmridjx or 
spores. 

Aspxxrnr, roagfaneis, as tm the leaves of Boxogi- 
naeeae. 

Atbacyxiichyma, tissue composed of q^bidie- 
shaped ccUs. 

Atbopous or ATXOPAL,1he same as OrOtotronotu. 

Auxicvlatx, having appendages, i^^ed to 
leaves having lobes or unflets at their base. 

Awji and Awnxd, see ArUta and Arutaie. 

Axil, the upper angle whmre the leaf Joins the 
stem. 

Axilx or Axial, bdonging to the axis. 

Axillaxy, arising fnnn the axil of a leaf. 

Axis, is applied to the central portion of the young 
plant, traeuce the plumule and radicle are 
given off, and the name is given in general to 
the central organ bearing uuds; in Grasses, 
the common stem of a locusta 

Baooa, berry, a unilocular fruit having a soft 
outer covering and seeds immersed m pulp 
All such fruits are called Baecata. 

Balausta, the fruit of the Pomegranate.— Bee 
xatexenec in Index. 

Babx (cortex), tbe outer cdlular and fibrous oo- 
vering of the stem ; separable from the wood 
in Uicotyledons. 

Baxal or Basilax, attached to the base of an 
organ 

Basidiux, a cell beariim on its exterior one or 
more snores in some Fungi, which are hence 
called MiiiUotwmm*. 

Basy or Bass, the inner fibrous bark of dicotyle- 
donous trees. 

Bidkntatx, having two tooth-like processes. 

Biyaxious, in two rows, one on earn side ot an 
axis. 

Birin, two-cleft, cut down to near the middle 
into two parts. 

BiroRiNx, a raphidian cell with on opening at 
each end. 

Bjlakkllax, having two InincHffi or fiat divisions, 
as in some stigmas. 

Biloculax, having two loculomcnts. 

BiYAXTiYX, cut down to near the base into two 
parts. 

Bipihnatx, a compound loaf divided twice in a 
pinnate manner. 

BiriNMATiriD^ a simple leaf, with lateral divi- 
sions extendmg to near the middle, and which 
are also aimilany divided. 

BiFiNHATirAXTiTE, differing from bipinna- 
tifld in the divisions extending to near the 
midrib. 

Biroxosx, having two rounded openings. 

Bis, twice, in composition BL 

Biskbxatk, or duplicate-serrate, when the serra- 
tores are themselves serrate. 

Bitxxhatb, a compound leaf divided into three, 
and earii divisiw again divided into three. 

Bi.Abx, the lamina or broad part of a leaf, aa dis- 
tingi^ed from the petiole or stalk. 

BLAHCHina, see Bliolation. 

BLBrTiNo, a peculiar change in on austere fruit 
by which, after being puled, it becomes soft 
uid edible. 

Bolk, the trunk of a tree. 

Bothxxnchyiia, dotted or pitted vessels, with 
di^MresBions on the inside of thedr walls. 

Bxaohiatx, with deeussaie branches. 

Beaot, a leaf manor leM diaaged in form, from 
wbico a flower or flowers proceed; flowers 
having braoti are called SraetmM. 





HaACtBOLi or BucvLtr. • oimII braok ti tbs 
iMWoraMporitBAoiMr in a nmltifloMl taito* 

BaTox.oef, the oMfy of Mom; aanw at Mmm- 

Buui» aa imtegnMuM bad oomnd with sealM 

Bulbil or BvxjiLit, aoMrabte bads in the axil 
of leairea, ai bi mom Utiea 

Bulbovs^basbd, mdkd to bain wbidi an ta* 
mid at baae. 

BxaaoiD, Tory atender, like a cobweb. 

Caducoub, flaUiiig off rtxj early, aa Calyx of 
Poppy. 

CAiPiroBie, growiat ha tafti. 

CaLATHmMUt, henmpbeKical or eoneaTe, tike a 
bowlor enp. 

Calatmioii, aame aa CapHtOtm and Jmtko- 

Calcab, a apar, a proteotiiig boUow or aolid pro- 
oeaafiomae oaaeof an organ, aa in the flowera 
of Larkapnr and Snapdragon; tneb flowera are 
called CaieanU* at annrred. 

CALcaotATX, alipper-uke, applied to the hollow 
petala of some (bchida, alio to the petals of Cal- 
ceolaria. 

Callosity or Callus, a leathery <xc hardened 
thickening cm a limited portion or an oigan. 

CALYOiYLonn, a aub-dBaa of Polypetakraa Exo- 
gena, haring the stamena attache to the calyx. 

Calyculus or Caliculub, an outer calydne row 
of leaflets, giving rite to a double or calyculate 
calyx. 

Caltptba, the outer covering of the sporangium 
of Moaaea. 

Calyx, the outer envelope of the flower ; when 
there ia only one envelope, it is tiie cai^. 

Cabusiuk, mucilaginoua cells, between the bark 
and the young wood, or aurrounding the vessels. 

Cammkulatb, shap^ like a bell, aa the flower 
of Harc-beU. 

Campulitbopal or Campylotbopal, a carved 
ovule with the hilunt, micrqpyle and chalaru 
near each other. 

Canaliculatb, channelled, having a longitudi- 
nal groove or fturow. 

Cajvcbllatb, latticed, oompoaed of veins alone. 

Capillaby, filiform, tlireact-Uke or hair-like 

Capitatb, pin-like, having a rounded summit, 
08 some hairs. 

Capituluic, head of flowers in Composite 

Capbbolatk, having tendrils. 

Capbipioatjon, the ripeming of the Fig, by means 
of the wild flg at Caprifleus (see Embryogeny, 
in Index). 

Capsulb, a dry seed-vessel, opening by valves, 
teeth, pores, or a hd. 

Cabipta, keel, the two murtially united lower 
petals oi prailionaceousltowers. 

Cabikal, applied to sestivation when the carina 
embraces the other parts of the flower. 

Cabnosb, fleshy, api^ed to albumen having a 
fleshy ccmsistence. 

Cabfbl or Cabpidxuh. the leaf fbnning the 
pistil. Several carpela may enter into the 
composition of one pUtiL 

Cabpoloqt, the study of fruits. 

Cabpofhobk, a stalk bearing the pistil, and 
raising it above the whorl of the stamens, as in 
lyehms and Caper. 

Cabpos, fruit, in oomposition Carpo. 

C^uirouLA, a fleshy or thkkmted appendage of 
toe seed. 

Cabyopsis or Cabtopsis, themonospermal seed- 
vessel of Grasses, the pericarp bemg incorpo- 
rated with the seed. ^ t-gmeuTw. 

CATKtit, same as Ameatam. 

Cauoatb, having a taU or frathery ttmendage 

Cauubx, the stem of Palms and of 

CAULBsoBirr, having aa evUeat stem. I 


OAtfLtcLB, OitruooiAJB, iMM oaitiMdtiiig ttar 
axis fld^enibryo and toe oilldadM 
Caulib, an aerial •tan. 

Cbllulcmil Jw dMBiieal etibelaaee of wMoh toe 
oeB-waU irbeuipeaed. 

OniiTxiiBTia. a Erenbh tteaeare, equal to 
0.aW707»Bri4Wilneh. ^ ^ , 

OBHTBxruaAL, applied to tout kind latoM- 
omoe in wluto toe eentral flower opesM ftret 
CbutbibbtaX} appBofl to toa* kind of indteaa- 
cence to itotch toe flowem tothe MieamltoeM 
or baae open fint. , ^ , 

CBBAMiniuat, «a ovate eoMeptoole bavtof a 
termiaal opening, and with a toft of tpma 
ariatog IM toe DM^ aecn to iklfM. 

Cbbbal, applied to Mheat, Oata, Berlay, and 
other gnuna. 

CBBNUou 8 ,Miidnl 0 iM, nodding. 


Chalaba, the plaoe wluu^theBoaxisfainf vaiMls 
enter the nndeua eff the ovule. 

CHLAirra, covering, silled to the floral envelope, 
in conq^tiem vMamsdwtu. 

Chlobophyll, the green eohniring matter of 
leavmi. 

Chlobob, green, to eomporitkm CMoro. 

Chobisis (Mr Chobieatioh, separatioa of u 
lamina from one part of an organ ao aa to fbrm 
a scale or a doablhEq; of the organ; it nu^ be 
mther transverse or collateral. 

Crboma, colour, in compoeltion Ckrom. 

Chbomooeb and Chboxulb, the ecflomiiig 
matter of flowers. 

Chbysos means yellow like gold, in compos i tion 
Chrjfso. 

CicATBiouLA, the sear left after the fSlttng of a 
leaf; also applied to the Mlnm or base of the 
seed. 

Cilia (Cilium), short stiff hairs fringiim the mar- 
gin of a leaf; alio delicate vibratue haixa of 
soospores. 

CiHENCTHYXA, laticiferoua tissue, formed by 
anastomosing vessels. 

CiBciBATB, roUed up like a erocier, as the young 
fronds of Ferns. 

CtBcuMsciBaiLB, cut Touiid iu a circular man' 
ner, such at se^-veasels opening by a lid. 

CiBcuMscBiPTioiv, the periphery car margin of a 
leaf. 

Cjlbbbub, a tendril, or modified leaf to the fennn 
of a twining procew. 

Clalencutica, tissue composed of branchtog 
cells. 

Clauds, a branch, in oomposition dado, 

ClaThbatus, latticed like a grating. 

Clavate, (dub-shaped, becon^ groduaUy thick- 
er towards the tap. 

Claw, the narrow baae of some petals, carro' 
(ponding to the petiole of leaves. 

Cleft, divided to about the middle. 

CLiEAKDBiuit. toe part of the eoltimn of 
Orchids bearing the anther. 

Clxbanthiux, toe eommon rooqtta(da of toe 
flowers of Comp<»it». 

Cube, a bed, in oomporition CUtt, used to re- 
ference to parts on which the flo^ organs are 
inserted. 

Cloves, iq^phed to young bulbs, as in the 
Onion. 

Clypbatb, having the shape of a buckler. 

CoociDiUM, a rounded canceptadein Algm with- 
out pores, and containing a toft of wpfota. 

Coccus and Coocum, aj^lied to tlm porttona 
composing the dry elastic fruit of Emtoor- 
buumsB. 

CooHLBAB- a kind of mtivation, to whi(ih a 
helmet-shaped part covets all the others to the 
bud. 

CooKLBABiTOBii. Shaped like a spoon. 

CoLtoBHiEA, a toeath oovertog toe zadidN of a 
moBooo^ledonons embryo. 

CoLLATBBAL. placed aide^ side, aa to toe case 
of fooie ovulas. 
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CoLLiHGHTiCA, ^iAtcKwoeUiiIariutMrtaticewbieh 
vsitei ottHt. ^ 

CoLLUH, B6ek, the part when the plimnile and 
ndUde of tho emlOTo unite. 

OoLntircHTiCA, tisane composed V wavy or 
sinuoua cells. 

COLUICBILA, central c<dnmn in the sporangia 
of Mosses ; also applied to the caipophon of 
UmbeUifene. 

COLUXN, a part in the flower ctf an Orchid sup- 
porting the anthers and stigma, and formed 
oy the union of the styles ana filaments. 

CoKA, applied varionsly, to tufts of hairs, to 
bractesB occurring beyond the inflorescence 
and to the generm arrangement of the leaf- 
bearing branches of a tree, See. 

CoMKissunx, union of the faces of the two 
acbenes in the fhiit of UmbdlifereB. 

Coxosx, fhmished with hairs, as tho seeds of 
the Willow. 

CoKPOUiTD, composed of several parts, as a leaf 
formed by several separate leaflets, or a pistil 
formed by several carpels either separate or 
combined, 

CoxFXxsBXD, flattened laterally or lengthwise. 

CoNcnpTAOLK, a hollow sac containing a tuft or 
cluster of srares. 

ConductinoTissuk. allied to the loose cellular 
tissue in the interior of the canal of the style. 

CoNuupLicATs, folded Upon itsdf, appliM to 
leaves and cotyledons. 

Conk, a dry multiple fruit, formed by bracts 
covering naked seras. 

CoifsncHYXA, conical cells, as hairs. 

CoNFsnvoxD, formed of a sii^le row of cells, or 
having articulations like a (^nferva. 

CoMJUOATioN, union of two cells, so as to de- 
velops a spore. 

CoNiTATE, applied to two leaves united by their 
bases. 

CoNNJCCTXVB, the part which connects the an- 
ther lobes. 

CoNNiVKNT, when two oi^ians, as petals, arch 
over BO 08 to meet above. 

CORTOUTED, when the parts in a bud are imbri- 
cated and regularly twisted in one direction. 

CJoNVOi.UTB or CorrvoLtTTiVE.whena leaf in the 
bud is rolled upon itself. 

CoEALLTNE, like Coral, as the root of Corallor- 
hiza. 

CosGULVX, a name for the embryo. 

Co&D, the process which attaches the seed to the 
placenta. 

Co&DATE, heart-shaped, a plane body with the 
division or broad part of the heuit next the 
stalk or stem. 

CoxuiEOKic, a solid body having the shape of a 
heart. 

ConiACEOUs, having a leathery consistence. 

CoBM, thickened uuderground stem, as in the 
Colchicum and Arum.— See Index. 

CORXOGERJB, having a corm or stem. 

COBMU, ahom; Cbratfous, having the consistence 
of horn; Bicomit or BicomuU, having two 
horns. 

Corolla, the inner envdopo of the flower. 

CoROLLiFLORJB, Gamopetalous Exogens, with 
hype^nous stamens. 

Corona, a ooroDine appendage, as the crown of 
the Ihtffodil. 

Corrugated, wrinkled or shrivelled. 

Cortex, the bark ; belonging to the hark; 

CorticiUed, having the bark. 

Cortina, the remains of the veil which continue 
attached to the edges of the pileus in Agarics. 

CORTHB. a ifaceme in which the lower stalks are 
longest, and all the flowers come nearly to a 
levm above; Oorymbiferotu or Corj/mhoM, 
b«iring a corymb, or in the fomi of a corymb. 

Costa, a rib, appli^ to the prominent bundles 
of vcBselB m the leaves ; CostaU, provided with 
ribs. 


CoTYLXDON, the tempaniy leaf or lobe of the 
embryo. 

Craxponb, a name given to adventitioiia roots 
which serve as fluora or mpports, aa in the 
Ivy. 

Cremooarp, the fruit of Umhellifone, oompoaed 
of two separable adienes or mericaipt. 

Crknati, having saperfidid rounded marginal 
diviiioni., 

Ciu^ATUREs, dfrisiona of the margin of a crenate 

Crest, an appendage to fruits or seeds, having 
the form of a crest. 

Crist, having an undulated margin. 

Crown or the Boot, the short stem which is at 
the upper part of the root of perennial herbs. 

Gruoifoex and Cruciate, arranged like the 
parts of a cross, as flowers of Cmciferse. 

Crustaceoub, luurd, thin, and brittle; applied 
to those Lichens which are hard and expimded 
like a crust. 

Cryttogaxovb, organs of reproduction obscure. 

CarpTos, incon^cuous or concealed, in cemgo- 
sition Crypto. 

CuouLLATB, formed like a hood. 

CuLx, stem or stalk of graues. 

CuNEiFORX or CuKKATB, shaped like a wedge 
standing upon its point. 

Cupula, the cup of the acorn, formed by (^(gre- 
gated bracts. 

Curve XBRTE.S, with the embryo curved. 

CuBPis, a long point large at the base, and gra- 
dually attenuated ; Cuspidate^ prolonged into a 
cuspuL abruptly acuminate. 

Cuticle, the thin layer that covers the epider- 
mis. 

Cyathiforx, like a wine-glass ; concave, in the 
form of a reversed cone. 

Ctclogens, applied to Dicotyledons with con- 
centric woody circles. 

Cyolosis, movement of the latex in laticiferous 
vessels.— See Index. 

Cylindbbncuyxa, tissue composed of cylindri- 
cal cells. 

Cyxbiforu, shaped like a boat. 

Cyme, a kind of definite inflorescence, in which 
the flowers are in racemes, corymbs, or umbels, 
the successive central flowers expanding first; 
Oymose, inftnresoence in the form of a cyme. 

Cypsela, monospermal fruit of CompositeB. 

Cystidta, sacs containing spores; a kind of fruc- 
tification in Fungi. 

Cytobi.ast, the nucleus of a cell. 

Cytoblastxxa, mucilaginoiu formative matter 
of ceDs, called also Vrotoplatm. 

Cytoqenkbis, cell-development. 

Cttos, a cell, in composition, OyU>. 

Decdalknchyma, entangled cells. 

Deca, ten, in Greek words, same as the Latin 
Deem ; as decandroui^ having ten stamens ; di- 
cayynout, having ten styles. 

Deciduous, falling off after performing its fonc- 
tions for a limited time, as calyx of Banunculus. 

Deciduous Trees, which lose their leaves an- 
nually. 

Dkoixktre, tho tenth part of a metre or ten cen- 
timetres. 

Declinate or Declining, directed down- 
wards from its base, applied to stamens of 
Amaryllis. 

Degou found, aleaf cut into numerous compound 
divisions. 

Decorticated, deprived of bark. 

Dxcuxbent, lying flat along the ground, and 
rising from it at the apex. 

Decurbent, leaves which are attached along the 
side of a stem below their point of insertion, 
stems are often called Winded. 

Decussate, opposite leaves crosung each other 
in pairs at r^t angln. 

Deovpuoation, same as Chorim. 
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Bjirimms, a^edto toAnreMciiee wlim it ea^ ] 
in ft fwle HowcTt ftiid thft ac p ft n ikMi <if tlM | 
flowm jft centrifagal} ftlio wlnea the munbear I 
of the pftTti of aa i* Ihoilted, m when 
the itamnu an amder twenty. 

BxFiiXxiD, beat downwards m ft oontiiMions 
crare. 

BKroLUTioir, the M of the leayet. 
DsotnxiiAXtOH. when en oim is dua|;ttd npm 
its usiial appecunmce and becomes less highly 
derelotped, as when scales take the place of 
^ leares. 

Dkhibcekcx, mode of opening of aa organ, as of 
the soed'Tessd and anther. 

Deltoid, like the Greek A in form, properly 
applied solely to describe the transrerse semon 
CO stdids. 

DxNTArE. toothed, having short triangular divi- 
•ioiii of the roaigin. The term is also applied 
to the superficial dMaions of a gamoiej^us 
nlyx and a gamopetalous corolla. 
DxKTicuLATX.fincly-tootlied, having small tooth- 
like projections along the margin. 

DxFftESsxD, fiattening of a solid organ from 
above downwards. 

Detebuieate, applied to definite or cymose in- 
florescence. 

Dbxtbobsk, directed towards the right, 
Diachacnitjic, some as Crtmocarp, frnit com- 
posed of two achenes. 

Diachtha. the parenchyma of the leaf. 
DiADXLFHoua, stamens in two bundles, united 
by their filaments. 

DiALTCAEFona, pistil or fruit composed of dis- 
tmet (separate) carpels. 

Dialtfktalous, a corolla composed of separate 
petals. 

Dialysepalods or Dtalyphyllops, calyx com- 
posed of separate sepals. 

Dichlamyoeous, having calyx and corolla. 
Dichotomous, stem dividing by twos. 

Diounous, unisexual flowers, either monoedous 
or dupcious. 

Dicottledomous, embryo having two cotyledons. 
Dictyooenous, applied to monocotyledons hav- 
ing netted veins, 

Didymous, twice, union of two similar organs. 
DlDYlf AMous, two long and two short stamens. 
Digitate, compound leaf composed of several 
leaflets attached to one point. 

Dioynovs, having two etudes. 

Dilamxeatior, some as Deduplication and Cho- 
riei*. 

Dimebous, composed of two pieces. 

Dimidiate, spht into two on one side, ps the 
calyptra of some Mosses. 

Dimciovs, stamiiiiferouB and pistilliferous flowmrs 
on separate plants. 

Diploos, double, in composition, JHplo, 
Diplofeeistomi, Mosses with a double peris- 
tome. 

Diplostemonous, stamens double the number 
of the petals or sepals. 

Diptxkous, having two winM. 

Dis, twice, in composition, A, same as !Latin Bis 
OT Bi} as disfpMous, having two sqKsds, disper- 
mcm, two seeded. 

DnciPOEM md Dxsooid, in the form of a disc 
or flattened qihere; diseeid fUh, divided into 
cavities by diacs. 

Discoid, alBo ap^ed to the fioiculous or tnhidir 
flowers of Compositm. 

Duos, the peculiar rounded and dotted maikings 
on coniferous wood. 

Dibil a part intervening between the stammui 
and the pistil in the tma of scales, a zing, he. 
Dxspexmous, having two seeds. 

DxisiOTXD, cat into a number of nanraw divi- 
siom . 

Dissepiicekt, a division in the ova^; ins, 
when formed by edges of the earp^; faUs, 
when fbrmed otMTEmie* 


DianusMt, to whidi bnnli ia 

dliitic manner. a 

Disnosous, in two rows, on opposite sides of a 
stun. 

DlsTEAcrnJli Mparating two parts to a dittaaee 
from each ^er. 

Ditmbcal. having two loculaments. 
Dxvaeicatxeq, branches coming off from the 
stem at a wide or obtuse a^le. 

Dodeoa, twdive ; in Latin Duodeeiu, 
Dodxoamoeovs. having twelve stamens. 
Dolaeweoejc, ^ped Eke an axe. 

DoEsin. applied to the suture of the carpel which 
is farthest tnm the axis. 

Doebipkeous, Ferns bearing fructification cm 
the bock of their fronds. 

Dobsdm, the back, the part of the carpel wh&cn 
is farthest from the axis. 

Double Flowxb, when the organs of reproduo- 
tion are converted into petals. 

Deupe, a fleshy flruit Iflce the Cherry, having a 
stony endocarp. Drupels, small drupes aggre- 
gated to form a firuit, as in the Ear . , 

Dumosk, having a low shrubby aspect. 

Du SAME H, the inner heart-wood of Dicotyledon- 
ous trees. 

Dynamis, power, in composition means supe- 
nori^ in length as du^namus, two stamens 
longer than two others. 

£ or £x, in composition oarresponds to alpha pri- 
vative ; os ebraeteated, vVitbout bracts, exarislate 
without awns, edentate, vrithout teetn, eeostate, 
without ribs. 

Elatxe, spiral fibres in the spore-cases of He- 
paticee. 

Elliptical, having the form of an ellipse. 
Emaeoinate, with a superficial portion taken 
out of the end. 

Embeyo, the young plant contained in the 
seed. 

Embbyo-buds, nodules in the bark of the Beech 
and other trees. 

Embeyooknt, the development of the embryo in 
the ovule. 

Embeyoloot, the study of the formation of the 
embryo. 

Embeyo-sac or Embeyomaey-sac, the oeUalor 
bag in wliidi the embryo is form^. 
Embbyoteoa, a process raised frnm the spermo^ 
derm by the embryo of some seeds during ger- 
mination, as in the Bean. 

Endocaef, the inner layer of the pericarp next 
the seed. 

Ekdocheome, the colouring matter of cellular 
plants. 

Endogkn, an inside grower, having an endoge- 
nous stnn. — See reference m Ind^. 

Endon, within or inwards, in composition 
Endo. 

Endophlcbum, the inner bark or liber. 
Endofleuba, the inner covering of the seed. 
EnnoBHiZAL, numerous rootlets, arising fi^rn a 
common radicle, and passing tluough sheatlis, 
as in endogenous germination. 

Endobmobe, movement of fluids through a mem- 
brane.— See reference in Index. 

EifDOSPXXM, albumen farmed virithin the embryo- 
sac. 

Enuospobous, Fungi having their iporeB con- 
tained in a case. 

Emdostome, the inner foramen of the ovule. 
EifDOTHECiuit, the inner coat of the anther. 
Emkbvib, wtthout veins. 

Ennea, nine; tn Latin JVbvtfm. 

Enneandbous, having Mine stamens. 

Emsipobx, in the form of a sword, as the leaves 
of Iris. 

Entibe {integer), without iiisr§^ dhdsioxis; 
(integerrimHe, vrithout either lobes or marg^nfu 
divinons.) 

EuTtLons, Floxal, the eatys; and eacoUa. 
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£px, mm, in mmm on tilio outai^ 

or wove, m oficmp, the outer corei^ of the 
fruity fp*0ifnom, eoe^ the omry. 

Eficalix, enter calyx, fomed either of sepals or 
Innefei, as in Mallov and E'otentiUa. 

StiCAnp, the outer oovedng of the frnii. 

Efichilium, the label or terminal portion of the 
•traxunikted or articolated lip (labeUttm) of 
Oroluu. 

EpicoaoLLXiTK, inserted won the eofoUa. 

Eproxniua, the cellnUur laynr covering the ex- 
ternal enrfhoe of plaota. 

Epiocal* above gronnd, replied to eotyledona. 

Epiooirx, the ednilar layer whi<^ covexstheyoong 
•porangiam in Mosses and HepaticSB. 

Epiorirous, placed above the ovuy by adhesion 
to it. 

EpiPXTAiiOtis, inserted upon the petals. 

Epiphtllous, gloving npon a leaf. 

Epiphttk, attached to another plant, and grow- 
ing snspended in the air. 

Epiebiixolooy, the inflnenee of external agents 
on plants. 

Epispxnx, the external covering of the seed. 

Epupobx, the onter covering of some swres. 

EquTTANT, applied to leaves folded kmgitudinally, 
and overlapping each other without any involu- 
tion. 

Exxct, applied to an ovale whidi rises from the 
base oftne ovary; also applied to innate anthers. 

Exosx, ixregtdarly toothed, as if gnawed. 

Exuiipxxt, proi^ent, as if bursting through 
the epidermis, as teen in some tetraa;i^res. 

Etaexio, the aggregate drapes forming the fruit 
of Bnbos. 

EnoLanoir, blandiing, losing ookmr in the dark. 

ExALBUMiKone, without a separate store of al- 
bumen or perisperm. 

Exanndlatx, without a ring, applied to some 
Ferns. 

Exoxntbic, removed from the centre or axis, 
applied to a lateral embryo. 

Exoipulub, a leceptade oontaining fructification 
inLicbena. 

ExcuuxifT, nmning out beyond the edge or 
pmnt. 

Exjimirx, one of the inner coverings of the pol- 
len-grain. 

Exo, in compwtion. on the outside. 

Exooxm, outside grower, same as Picotyledon 

Exoxhixal, radicle proceeding directly friim 
the axis, and aftenrards branching, as in Exo- 
gens. 

Exosnosx, the passing outwards of a fluid 
through a mesnbrane. — See reference in Index. 

Exosponoue, Fungi having naked spores. 

ExosToMit, the outo opening of the foramen of 
the ovule. 

Exotbkcxuv, the outer coat of the ontber. 

Exsxbtxd, extending beyond an organ, as sta- 
mens b^nd the oonrila. 

Exstipi 71 <atx, without stipules. 

Exnnx, the onter covering of the pollen-grain. 

ExTXA-AXZLiiAnY, removtSl from the axil of the 
leaf, as in the case of some buds. 

Exteoxbk, applied to sntheri which dehisce on 
the aide fkribest removed from the pistil. 

Exunvu applied by Miers to seeds wanting the 
nsnal integumentary covering, as in Olacacem. 

Faloatx or Faloixouc, bent like a sickle. 

Faxxxaoxous, mealy, containing much starch. 

Faboiatxon, union of branches or stems, so as 
to present a flattened ribband-like tonn. 

FA8CI0X.X, a shartened umbellate cyme, m in 
some species of Euathus. 

FlsnoXAVk* having a pyramidsl form, from the 
brsttobes brine purallel and erect. 

Favxxxa, akkuof oonorotade in Aigie. 

FBATixxm<vxixxx>, a leef having iho veins pass- 
ing from the midrib at a more or ksi acute 
axi^ and extonding to the margin, 


FxNxaTXAn, implied to a rwliiin or leaf wxtii 
openii^ in it, coaspand to wtuiours. 

Fxxmo-cxxxuLAmtiasae, oo m p o te d ofapfral esDs. 

Fxbxous, oomposed of numeioiis flbres, as aome 
roots. 

FiBXo-vAscDLAm tisstto, coomosed of veasris 
containing spiral and other flbres. 

Fid, in compontkm, deft, eut down to about the 
middle. 

FxxjlMxxt, stalk sntmortmg the anther. 

FiLAMxMToua, a stnng of calla pUcod wd to 
end. 

Filxpoxm, like a tinead. 

Fixbxiatbd, fringed at the margin. 

FissiPAXona, diridmg q^taueonaly into two 
parts, by meaxw of a septum* 

I'isaunx, a straiglit riit m an organ for the dh- 
diarge oi its contents. 

FxsTDLons, hoDow, like the stem of Grasses. 

FLAXSLuroxu;,fui-sbaped, as the leaves of some 
Fahns. 

FxAOXLLinc, a runner, a weak, cre^ng stem 
bearing rooting buds at diflrinnt pomts, as in 
the Strawberry. 

Flkxuosk or Fx.kxuous, having alternate enrva- 
tions in opposite directions ; bent in a eig-zag 
manner. 

F 1 . 0 CCT, worily filaments with sporoles in Fnngi 
and Algee. 

Floccosx, covered with waol-likc tofts. 

Floral Envxlopxs, the calyx and oordla. 

Flobculous, the tulinlar florets of GomporiteB 

Foliation, the development of leaves. 

Foltola, same as PhjfUa and SfifttUa. 

Folliclk, a fruit formed by a ringle carpel, de- 
hiscing by (me suture, which is usnwy the 
ventrri. 

Foot, French, equal to 1.07892 foot British. 

Fouamxn, the opening in the coverings of the 
ovule. 

Fovxatx or FovxoxJiTX, having pits or depres- 
sions called fovem or foveohe. 

Fovilla, minute granular matter in the poUen- 
grain. 

Frond, the Jeaf-like organ of Ferns bearing (he 
fructification ; also applied to the tbsluu of 
many Cryptogamirs. 

Frondoss, applied to Crypti^ams with folia- 
oeous or leai-uke expansions. 

Frustulxb, the parts or flugnients into which 
Biatomaceee separate. 

Fedtxx, a slirub ; Frutiaae^ shrubby. 

Fugacious, evanescent, falhng off early, us the 
petals of CistuB. 

Fulvous, tawuy-yeUow'. 

Funiculus, the umbilical cord connecting ilte 
Mum of the ovule to tbeplacenta. 

Furcats, divided into two branches, like a iwo- 
pronged fork. 

FuRjruRACXovs, scurfy or scaly. 

IHrsiFoaif, shaped like a spmdlc. 

Galbulus, the polygyncecisl succulent fruit of 
Juniper. 

Galra, applied to a sepal or natal shaped like a 
hrimri; ; the part is ^ed ohdMtt. 

Gako, in comporition, means union oi parts. 

GAitorKTALous, same as ManopHeiowt, petals 
united. 

Gamofbyllous and Gavobxfalous, same as 
MonofkyU&us and sepals united. 

OxHiNATS, twin, ongsns combtoed in pairs. 

Gxmha, a leaf-bua; Q ^wm a Hcm, the develop- 
ment of leaf-buds. 

GxuMmRous, bearing buds. 

OxiuficAROus, teprodfiLctiou bads. 

GxmuLx, same as Phmtile, the first bud of the 
embryo. 

Gxniculate, bent like a knee. 

Qbuixn, a name far the ovary. 

Gxixival Vxssolx, a eeH ooutatoed to the em- 
bryo sae, frmn which the embryo is devilefed. 
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OcaoixHAtioii, ^ ilM jmnif 

OiBMm. A wmaSam ai^bAM o( aii<»iAii, 
■Adi ai tha AAlyx «r oofoilA. . 

Gibsooa, fWABaa At tlM tRAK, or liAiiiqir A dist^ 
iwofiisg At MAM part of tlw AAitboeu 

Guibbova, AiaAotli.AriilM«tkanA. 

G%jkVD, aa amn of Aec r o t toa eoAAiitiiw of oeilf, 
and ffOAeAAllj oecaniAf on the qpidetialA of 
plairto. 

Gxjar»aLAit Haiba, hoim tined witk a clABd, 
AA iB IboAon and CSiiaiNW FrimiDae. 

Glaks, luit, applied to the Acorn or HaAOMrat, 
whidt are endoeed in lgAcfa»> 

GLAOCsoua, eorered with a paleipweii bloom. 

Gix>bula, male organ ot Chant. 

QLOCUirojATBf bartted, appUed to haire witlt two 
refleoced pointa at their rammit. 

OtcntBBVUJA, a zaeuded, eyonoae inflareaoence, 
Ai in XJrtica. 

Glumagbovb, of the nature of ^smea. 

Gluxb, a bract covering the organa of reprodnr* 
turn in the mikdeta of Onaaea, which are 
hence called Olumtferotu. 

Gu} VALLB and Qlujcbllola, a name applied to 
palea or pale of a Graaa. 

Gob xnxA, green germinating celia in the thaUua 
of Tifheiw. 

GoMua or Qon me, in compoiitian, meana mthmr 
kneed or angled i in the former caae the o ia 
abort, in the latter long. Polfatmum, many- 
kneed; IVfreocMAM, four-anrlM. 

Gbaix, caryc^Bia, the fruit of Cereal Oraaaea. 

GnAtira of pollen, minute oella compoaiag the 
poQeau 

Obabulatbd, omnpoaed of granulea. 

Gbumoui, colleotca into granular maMoa. 

Gxkboqbn, a plant with naked aeeda, i. a., aeeda 
not in a frue ovaiy. 

GTXNoa, naked, in compoaition Qynmo. 

OxMNOsrxRKOus, planta with naked aeeda, I. a., 
aeeda not in a true ovary, aa Conifera. 

GxxKToaroBK, a naked apore ; Gymnogporout, 
having nakm aporea. 

GxMifoaTQMx, naked-mouthed, Moaaea without a 
periatome. 

OxBANDBOua, atamen andpiatil united in a eotu- 
men odumn, aa in Orchida. 

Gxmb, female, and Gxir, Gxiroua, and Qxno, in 
compoaitiem, refer to the piatil or the ovary. 

Gxbizub, the poaitiou of the atignia on the 
aoluinn of Orchida. 

Gxn OBASB, a central axia to the base of which 
which the carpela are attached. 

Gxiimcimi, the female organa of the flower., 

Gtnophobk, a stalk aupportii^ the ovary. 

* GxNoarxitiuv, column In Orehida beanng the 
organa of reproduction. 

Gtbatb, same aa Cireinate. 

Gtbatxom, same as JtoMion in celia. 

Habit of a plant, its general external appear- 
ance. 

HAixiFHXTKa, plants at aalt-marahes, eoutaining 
salts of aoda tn thdr ecnapoaition. 

Hajtata, halbert-shaped, implied to a leaf with 
two pmtkou at the hue proiieoting more or 
leas completdy at lia^t anglea to the blade. 

Haulii, dead atema of herbs, aa of the notato. 

Haubtobium, the aneker at the extrenuly of the 
parasitie toot of Dodder. 

Hbabt-wood, same aa Duramen. 

HxucoxBAXh having a coded anpeaianoe like 
the ahdOi of a snail, applied to innbareaoence. 

Hblxxt, the r^per petaldd ei^ of doonitam. 

Hmex, fay^ i aame ae ffirwi 

HBiacABt , one of the achenea ibnnint like ere- 
moearp of UadMlliferaft. 

Hbata, aeven; aame aa Latin Septam. 

Hbbtavixboub, harug aeven BtaaMoa. 

Hbbs. with an a&anal Atem, oppaaed to a 
waaij plant. 


Hbbbaobpvia. gvetn aw aAn l a iit planta wbloii dia 
down to Gie ground in winter; anmalAbBAta ; 
graeB-oolourAi AAfinlar parAa. 
HxBXArnBOBXTBt ataiafAiBandptaffliB the abwa 


HManuaMme, iha ihnt of theOnmge, and other 
Attrantiaeem.~-See redRarenoe m am. 
Hbtbboobbxaxooa, Oempea^ planta haring 
mxd female oapitula on the same phmii. 
HBTBBODioiiova, immiiig in difibrem dime- 


HBTBBOoAxot)a,OaiApQdte planta having her- 
maphrodite and uniaexoal wiwnFa on the eeme 


HKTABOPKXI.LOUB, presenting two diArent 
fiBASB of leavos. 

HBTBnonuiKAi:., rootlets prooeediiMr from varione 
poinie of a apore doling ge rm i nafion . 

HKTBEOa, diaaimilar or ohrerae, in eoapoiAion 
SeUro. 

HBTKnomoPAX., ovule with the faibuB in the 
middle, and the faramm and dudaaa at opposite 
ends. 

Hbxa, aix ; same aa Latin Sax. 

Hakahdbous. having aix atamenA 

IIiLUV, the base of the seed to which the pla- 
centa ia attached either direetiy or by means of 
a cord. The term ia also applied to the mark 
at one end of amne ffraina at starch. 

TlineuTB, covered with long stiff hairs. 

Hispid, covered with long very harah hairs. 

Hibtoloox, Gie study of microaoi^ tiasnes. 

IloiiOBnBioEous, covered with minute aUky hairs, 
discovered better by the touch than by ai^t 

Homodbomods, numing in the same dueetwn. 

HouooAMOxra, Compomte planta having the 
flowers of the capitola all hermaphrodite. 

lIonooBNJSova, having a uniform atmeture or 
substance. 

Homos and Hoxoioe, similar, in compoaition 
Hama. 

UoHOTBOPAL, same at OtihUropal. 

lioBoLooiOAL, flowera opening and dosing at 
certain hoars. 

HuMiruBK, spreading along the ground. 

Hxatjnil transparent or cduurleaa. applied by 
Barry to the part where tiie oeU-nuolena 
appears. 

Hxbaxo, a plant resulting from the fecundation 
of one species by another. 

Hxmbbium, the ;^rt which bears the frnetiflea- 
tion in Agarica. 

Hxpanthodiom, the receptacle of Dorstenin^o 
see Index. 

Hypo, undrar or bdow, in oompoeitum Hyp. 

llxpocABPOoBAB, pUmts producing thmr trait 
below ground. 

Hxpochilidh, the lower part of the labelhun 
of Orchida. 

Hxpogbatbbipobm, shaped like a aalver, aa the 
corolla of Primula. 

UxBOUKAL or Hxpoobous, under the auzibce ol 
the ami, i^xdied to Cotyledcma. 

Hxpooxsrooa, inserted below the ovary or p^il. 

Hxpothallvs, the mycelium of certain Ento- 
phytic Pongi aa Uredinea. 

HxpaoMETUCAL, moaiurement of altitude. 

IcosAMDBXA, haying twenty atamene or more 
inaerted on the calyx; laoaandrtmat having 
twenty stamens. 

looax, twenty : in compoaition Icot. Same as 
Latin rtgtnti. 

ijCBRiCATA or Imbaxoatxd, parts overiyia^eadi 
other like tiles onm house. JanbricatadmaUSnUmt 
the parts in the flower4nuL altornatdy ovarii^ 
ping each other, andairangedin aaphndmaBner. 
iMPABi-piNMAXB, anequalty-piiuBte,p<iiBBte leaf 
endi^inanoMleidlet. 

iH AaoBXvo. a mode of gramirn hr bendfaig bwo 
growhig plaate towmoB each oomr, and aama- 
uxg a hrandt ef the anetoBBite to tha diur, 
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iHAiffiouiATi, without Jcinti or intomp^ to 
eontiimity. 

Inch, Fren^, is oqtul to 1.06S78 inch British. 
iHcuxo, out down deeply. 
iKOLUOlo, applied to the stamens when enclosed 
within the ooroUa, and not poshed out beyond 
, its tube. , , , 

IncuMBCNT. cotyledons with the radicle on their 
back. 

IwDsrxNrra, applied to infLorcscenee with centri- 
petal expansion; also to stamens above twenty, 
and to ovules and seeds when very numerous. 
InJDiiHiscSNT, not opening. 
iNDSTxnHtnxTic, applied to indefinite inflores- 
cence. 

iNDioKNous, an aboriginal native in a country. 
l>rDUFL10A.TB OT IWOUPLTCATIVK, odgCS of the 
sep^ or petals turned slightly inwards in 
SMtivation. 

Inbusiux, epidermal covering of the fructifica- 
tion in some Ferns. 

I 500 TIVK, applied by Miers to seeds having the 
usual intepment «7 covering. 

Inkbkis, unarmed, without pnckles or thorns. 
iMTXBTOii, applied to the ovary when it seems to 
be situs^ below the calyx ; and to the part of 
a flower farthest from the axis. 
lifXLoaxscKNCX, the mode in which the flowers 
are arranged on the axis. 

Inpundibuliform, in shape like a funnel; as 
seen in some gamopetalous corollas. 

Inw A tK, applied to anthers when attached to the 
top of the filament. 
iNBOTATioNa, buds in Mosses. 
iHTBKCBLLULAn SPACE, samo as lACuna. 
iNTEKPOLiAB, bctwecn two opposite leaves. 
iBTEaJiODE, the portion of the stem between 
^0 nodes or leaf-buds. 

iMTXBJPETf OLAB, between the petioles of opposite 
leaves ; as the stipules of Cinchona. 
IifTKBBVPTRDJ.T-pi]ViVATX, a pinnate leaf in 
which pairs of small pinnm occur between the 
larger pairs. 

Intkxtimk, one of the inner coverings of the 
poUen-gr^. 

Ibtibb, we inner covering of the pollen-grain. 
Intbobse, appUed to anthers which open on the 
side next the pistil. 

iNvoLucxii, bracts surrounding the partial 
umbd of Umbelliferea. 

Ibvolucbe, bracts surrounding the general 
umbel in UmbeUifeim, the heads of flowers in 
Compositee, and in general a^ verticillate 
bracts surrounding numerous flowers. It is 
also used in the same sense as the Indusium of 
Ferns. 

Invoi.cte or Iwvolutive, edges of leaves rolled 
inwards spirally on each side, in estivation. 
Ibbkgulab, a flower in wliich the parts of any 
ilie verticils differ in sise. 

Ibochxtxal or Isocbeimtnal, linos passing 
through places which have the same mean 
winter temperature. 

IsoxxBic, applied chemically to substances which, 
though dufering in qualities, have the same 
dements in the same proportions. 

IsoxjCBous, when the org^ of a flou'er toe 
composed each of an equal number of parts. 
Isos, equal, in composition Zto, 1 
laosTXHOMOUs, when stamens and floral enve- 
lopes have the same number of parts or mul- 
tiples. 

IsoTHEBAL, littes passing througb places which 
have the same mean summer temperature. 
IsoTHBBMAL, lines passing through places which 
have the some mean axmoai temperature. 

JoGA, a name given to the ribs on the fruit vt 
UmbeBifem. 

Juouv, a pair of leaflets; jutffoie, applied to the 
pairs of leaflets in con^oonddBaves ; 
onepab; two pain, and so on. 


Kxil, same as Carina, 

tiomty the terminal diririoa of the of the 
flower in Orehida. 

Labbllvx, lip, one (ff the diviaiaas of the inner 
whcnrl of the flower of Orchids. This part U 
in reality supericr, but becomes inferior 07 the 
twisting of toe ovtay. 

Labiate, lipped, ^ued to irregular gamqpeta- 
lous flowen, with an upper and under portion 
separated more or less by a hiatus or gi^ 

Lactitiatxd, ixTegularhr cut into narrow aeg- 
ments. 

Lactxsoxht, yielding milky juice. 

Lacuna, a Is^ space in the midst of a group of 
cells. 

Ls viOATUs, having a smooth polished appearance. 

Lsvis, even. 

Lavell/k, gills of an Agaric ; also appUed to 
flat divisions of the stigma. 

Lamina, the blade of the leaf, the broad part of 
a petal or sepal. 

Lanceolate, narrowly elliptical, tapering to each 
end. 

Lanuqtnous, woolly, covered with bng flexuous 
interlaced hairs. 

Lateral, arising from the side of tiie axis, not 
terminal. 

Latex, granular fluid contained in latiofferous 
vessels. 

Laticifebous, vessels containing latex, which 
anastomose. 

Latiseptjs, CrudferouB plants having a broad 
replum in their silicula. 

Legumk, a pod composed of one carpel, opening 
usually by ventral and dorsal suture, as in the 
Pea. For varieties of L<^me see reference in 
Index. 

Lentigkl, a small process on the hark of the 
Willow and other plants, whence adventitious 
roots proceed. 

Lenticular, in the form of a doubly-convex 
lens. 

Lepiuote, covered with scales or scurf; fspis, a 
scale. 

Lianas or Lianes, twining woody plants. 

Liber, the fibrous inner bark or enoophloeum. 

LiEBERKUiiH, a metaUic mirror atta^ed to the 
objective of a microscope for the purpose of 
throwing down light on opaque obj^ts. 

Lionine, woody matter which thickens the cdl- 
walls. « 

Ligulatb, strap-shaped florets, as in Bande- 
hon. 

Lioulx, a process arising rrom tlie petiole of 
grasses wliere it joins the blade. 

’ Composite plants having ligulate^ 

florets. 

Limb, the blade of the leaf ; the broad part of a 
petal or sepal ; when sepals or petals are united, 
the combmed broad parts are denominated col- 
lectively the limb. 

Link, the 12th part of an inch ; Xins, French, is 
equal to 0.088815 inch British. 

Linear, very narrow leaves, in which the length 
exceeds greatly the breadth. 

Libxlla, sessile linear auothecium of lichens. 

Lobx, large division of aleaf or any other organ; 
apfdied often to the divisions of the anther. 

Locuuoidal, frnit ddiisoing through tiie back 
of the carpels. 

Loculus or Ixiculaicxnt, a cavity in an ovary, 
which is called nniloeuUtr when it has one 
cavity, biloeuUur with two, and so on. The 
terms are also implied to tlm anther. 

locuaTA, a spikelet oi grasses formed of one or 
several flowers. 

Looiculr, a scale at the base of the ovary of 
Qrasses. 

Loxxntuii and LoxBNTAcxoua, implied to a 
legume or pod with transverae partioons, each 
division containing one seed. 



mmmxT. 


l0lMh mJ iKiBiBr mB§ m we the 

lUmeoniT, witUwSuciw »ot flidibg off uatil 

ll4»6iV4me9!pM to edra^ nune m O^ate 

Maokid, ivlae aiPweom/tf. 

IfATW, e^cm eoiiLetiniM mod foe crop ; an agn- 
gnftwel ienw. 

llAiTotkA. the ffbrottf matter ooireriitg the pe- 
tiolei tf vehna* 

Mannuu^ tlw eeUnlarjpith. y 

UsDvULAW Eatb or FtATna, oeUnlar prolonga- 
tioBB iviliiig the pH2i and 

M]U}0X.tABT SnitAVK. Bheath oontaumg Bpiral 
TcoaelB Bttroutidiiig the pith in £xogcnB. 

MmoBTEMoirouB or MxoBTa^onovB, the Bta- 
wuMM lesB in i^mxher than the parts of the 
ooroUa. 

Mbmbbakaoroub or UxnBiXfQtB, having the 
otmBistejKse, aspect, and struetnre of a mem> 


llnniBOUB, a lens having a concave and a convex 
(hce, with a sharp ed^. 

MaaKwoHniA, tissae oomposedof rotmded cells. 
Mxucaxf, cai^ forming one-half of the frnit of 
Umbelliferm. 

MnuTHAL, a term used in place of intemodo; 
^te djb;^ Gaudichaud to the different parts 

MrsooAnn, middle rovoring of the fimit. 
MisooHiuint, middle porndn of the labollum of 
Orchids. 

MasorKLOKrK, middle layer of the hark 
MasonBJixtna. the parenchyma of the leaf 
Ifnsos, the middle, m comp<mti 0 iL Mao. 
Mssoa^xui, apphed to a covermg of the seed 
denved from the senmdine 
Mktbp, equal to 89.37079 inches British 
liicaoxvxKB, instrument fur measuring microa- 
oopic objects 

MiOBOPn.u. the opening or foramen of the seed. 
Mxcms, small, in oomposition Micro 
Millimbtue, equal to 008937079 English inch, 
or 26 80934 miiuimetres equal to au Englishincb 
MmivomH, shaped Uke a mitre, as the calyptrte 
* of some lloases. 

ItONAiiBLnious, stamens united into one bundle 
by union of their dlsmentB. 

Mon ANhEOUS, having one stamen 
MoNXMnmTONY, having a imgle embryo. 
MoniLiPOBM, headed, cells united, with mter- 
ruptions, so as to resemble a strmg of heads 
MoNooAnpic, prodndns flowem and frmt once 
during life, and then ayiitg. 
MowooHtAKyonous, flowerhaving a single en- 
velope, which is the calyx. 

Monoclikovb, stamens and pistils in the same 
flower. 

MoifOOOfixxDOifOtTS, having one cotyledon in 
the embryo. ^ . , * 

Moomciotrs, stamens and pistils in diffsient 
flowers on the same plant. 

HonoonimoiAj^ applied to simple fruits, formed 
by the pistil of one flower 
Mowoo'^ons. having (me pistil or carpel; also 
applisd to punts having one st^le. 
MonopsTALOus, same as OameUloui. 
MonropHTLXAius, same as Omrnau^olout 
Moixoe, OBe.^in oomposltiDn Motto and Jlfon, as 
mofNNidroNr, onestsmen; sometimes andied to** 
the nnhni of parts into one, as mottepoMout, 
nwattittg cmsl&ied peUds i sanw 
MoNOtxpALoini, same as Otmootpokmo, " 
M^oami^s or MntKfomiiAfi, havings^ 
sini^ seed. ^ 


Moxpxoui^lhesti^ef the fomsidddithft 
dtiforettt Mm aunmi^ and the hmrii tint 
Mgitiatd th& uttoxir^^ 

Moemo/ a sW psipt sms^ teMsatiiig an, 
organ; jrhersiMfo, hawing a inmror 
HiJcua. dadiilt^paomiar maittar te nning i eovar- 
ing of certain aea-weeds. 
Mui;ncoatAmj.ttattgHcihh6d. ^ 

MfiiffxnxA iqppm to a shitple hnf dithSted late- 
rally to shout the middla Into tmmerom nor- 
ttons ; when the divisioiii axtend decMv » ia 

V.uvnLooviAXy having many toeulaiagtttib 
MnLTiPX.s, applied to anthocarpous or ptiffgt- 
nmeial frum farmed by the unton of ioimi 
flowers. 

Mubxcatb, covered with flm, ahortpolnte or ex- 
crescenoes. 


MuniPOXK, like bricks ina wnll; applied to esBi. 
Mobooloot, the study of Mosses. 

Mtmeus, without any pointod process or awiff 
lirosLiuH, the (‘clhun spawn of Fungi. 


Naked, i^phed to seeds not contained in i true 
ovary; also to fleprers without any floral en- 
velopes. ^ 

Navivouc, shqped like a tumin 

NatubalisiKd, originally introonced by artificial 
means, but become imparenily wild. 

Navicui.ar, hollowed uke a bcui 

NKCTAunnous, having ahoney-Uke secretion; 
applied to petals having dej^rewtonS or furrows 
ox their base, which contain a sweet secretion. 

NxerrABY, any abnimual part of a flower. It 
ought to be restricted to organs seiweting a 
houey-hke matter, as ip Crown Imperial. 

Nxrvatxon or NKVEATron, same as TimHon. 

Netted, ip[)phed to reticulated venatkm, also 
covered with raised lines disposed like the 
threads of a net. 

Nitidub, hOving a smooth and polished snrfSace. 

Nudk the part of the stem from which a leaf- 
bud proceeds. 

Nodose, having swollen nodes or artieulations. 

Nodulose, applied to roots with thickened knots 
at mtervals. 

Nobolooy, vegetable, the study of the dtseases 
of plants. Ht . 

Notour iBEse, radicle on the back of the ootylc- 
dons, as m some Cmoifex^ 

Nucleus, the body wliich gives oiig^ to new 
cells ; also apphed to the central ceUular por- 
tion of the ovule and seed. 

Nuculanium, apphed to the fruit of the Medlar 
having nueules ; some also apply this torm to 
tile Grape. 

Nucule, hard carpel in the Medlar, also one of 
the parts of fructifleation in Characem. 

Nucuxektaceoub, CruoifersB having a diy mo- 
noi^permal fruit. 

Nut. properly applied to the sdsns, but ako ap- 
pliea to any nord nut-like fruit, as in Cam 
andBumex. 


Ob, in composition, means reversed or eontrari- 
wise. 

Obcohfexssed, flattened m front and behind, 
not laterally. 

Obcoedatk, inversely*^ luurt-shapedL with the 
divisions of the heart at the (mpbsite and from 
tlie sti^ 

Oeloko, about } os as broad ; effiptieel, 
obtuse at each end. 

Obovate, reversely evite, tiie bxoed part of the 
egg being uppermbsi 

Obsolete, inmerfootiy devehn^ or abortive i 
m^Hed to 1|e calyx whm Ffi in the IM 
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OCtAVMMilM, licriKg cW I 
Ocvo, «igH in oom^omiL 
ObtMiroi^ hanDg itstot. « 
<BavifMidCSoious.mo(»n|M)«ioiL]^ 
io fhe poiitioa ok moteotiTe meuaM, u 
Aninmum, the rtarntnil oa|^& XStuioM, 
gtHmen and piita tot iiArcst vim. 
OmciKALi MU in the ihf^. 

Olexacxovs, used as an sseideBt potherb. 


0j4a4ifi»vni, sUbaens in^ tmtj. 

Olioo^i wvr oar in mall numbaor, In eonao^tion 
|l%o Mid OUe, 

OiKPHALODf. toe oenhral of the bilnm 
where the naarfahtne vessels enter. 

OontomnHtTMi i»fan in L|r<xipodiace8B eontain- 
ing krge sporew ^ 

OPAQtrSf dnlL nodSiininK, 

OiKkouAUVi iid, applied to the smarable part of 
iheu of Mosses j also applied to the lid of 
certain seed-vessels ; Opercimie, qpoaing by a 
lid# 

OppostTX, applied to leaves placed on, opposite 
sideB of a Ami at the same level. 

ORBicvJLaai ronnded leaf with petioQe attached to 
the centre of it. 

OaaAnodmvTi the development of organs. 

OiGAMOvnAPny, the description of the organs of 
planto 

OuboplAixji, dndflnns having condaplicate ' 


OanroSi ftandgbt, in compositkm Mho, same as 

OaTHozaoPAA and Onnaomopoirs, ovnle with 
foramen opposite to the hUmn ; embryo with 
xadide next the hflum. 

Oval, elliptical, blunt at each bnd. 

OvABT, the part of the piatil which contains the 
ovules. * 

OvAVX, shm^ like an egg, applied to a leaf with 
the broader end of the «gg next the petixde or 
sack; Opate-’laneeoiaU^ a lancedate leaf, which 
is somewhat ovate, 

OvBNcirncA, tissne composed of oval oeUs. 

Ovuui, the young seed contained in the 


Paoina, applied to j||ieaiirfisoeof the leaf, or any 
dat surfsce. 

PALjBOHtOLOQfT, the stndjr of Fossils. 

Palaophttox^oot, the stady of Fossil plants. 

PalatBi the prtdeAing portion of the under lip 
of personate flowers. 

Pai^Ba or Pale, the part of the flower of Grasses 
witfatn the id^une: also ^phed to the small 
scaly laniinm which occur cn the receptacle of 
some Oompositv. 

PALiAonouB, cha^, covered with small erect 
uemhoranout team 

«fpAUiAti and Paukaxuibv applied to a leaf 
with radiating venation, divided into lobes 
to about the mid^ 

PAUf^JtPABfiti, applied to a leaf with radiat- 
ing venation, ent nearly to the base in a pal- 


Pajfdwpobjk, shmed like a flddlu sraUed to 
an «M(mg leaf, win autnus on each mae about 

PAflloxm. toflnesoeaee Gnases, oosudstfam of , 

pASxoeiiAieii ftioBiiigkpani^ 
pAisidoiiAeMB, oareSa emn pq iad of 
two Mis, and Qsnna» sa in ilia Pea. * 

Pabs^M «nI PAWMini aoanudidihMasfl 
liBPpIsdflM pieniiissioea. 


Pappus, the liMra jA tim mm 

in Oonpositis. nmy oosnlit bl tile MtiRd 

rAiAPSTABB. fimnunssii so m a t a B ea aBCieiMwaai 
ooeurlBf k tiip frnetifleation of XoMwu aitit 
other GrntoMSti j also tjpptiad S^pMiManMMti 
to abottivenaitibl or ftaSens. 

PAXAsm, BittoSed to another plaati and detiv 
ing nonitohmMti flrmn it 
Pabxnohtika, oMfauar thwu , 
Paxovai^ ^ jlapsntos m tna M 
the ovary. ' ^ 

PASiomnaATB, a ooampouniptoasto leafl enltoff 
in two Iceflata. 

VAxm% or Pajiw, ent dsam to near the hMO, 
the ^visions being oMled 
Paisu^a, rounded seaeOe apotheetomof liohena 
Patmix, qpread^widfdy. 

#Patboloot, vegeodde, same ai Ihoomm- 
Patolous, speeding less than when ptoent. 
Pectin ATS, dividea laterally into nanmw Mg- 

PxDATS and Psoatiptb, a igtoi^ leaf of three 
lobes, the lateral lobes bdeing other equally 
large lobes^m the ttges next the middle Jobe. 
PxnxcsL, the stalk aupportii^ a sii^ flower, 
such a flower is teiieelhUe. 

PxnuNcxji, the gmieralflower-stalk or floralasis. 
Sometimes it bears one flower, at otheg timea 
it bears severBl sessile or pe^UceUatmAowani. 
PxXiAoxo,' growing m many distant parts of the 
ocean. 

PXX.UCLX, the outer cuticular eovering of plants, 
PxLOxxA, a name given to a teratiflogiou phe- 
nomenon, which consists in a floweors which is 
usually irregidj^ bcfoming regular; Ibr in- 
stance, when jUfuiria, in plaoe of ono spur, 
prodnoes five. 

PxLTATx, shield-like, fixed to thelstMk by a 
point within the nun^l peUato kmrtt attacned 
by thenr middle. 

Penhulous, applied to ovules which are hung 
from the upper part of the ovary. 
PENicii.iaLTX, pencilled, apnhed to a tufted stig- 
ma TMcmblmg a comM’s uair pencil, as in the 
Nettie 

Pxnni-hxbvxd and PxNNX-v;pxNXD, the veins 
disposed like the parts of a feather, running 
tiie midrib or the leaf to the margin. 
Penta, Pknte, five, same as Quinfpte in Latin. 
PxNTAOTNOua, having five •tolea. 
PxNTAMXEOva, pompomdof nveparta; apenta- 
merona flower has its different whorls tit five, 
or multiples of that number. 
pENTANDXomi, having five stamens. 

Pxpo and Pxpohipa, the frmt of the Mekm, Cu- 
cumber, and other Cneurbitacee. — See reler- 
enoe in Index. 

PxE, when placed bMbre an adiective, smaetimeB 
^ gives it the vahia of « superlative, as morpntil- 
7 us, very weak; at other tixuM n means 
tiirongh, as pafoH^Ue, through the leaf. 
PxxouEEENT, running thro^h from top to 
bottom. 

PXEXHNXAL, Uving, or rather flowerings far fs- 
vend years. * 

PxxroLXAXE, a kaf with the lobes sit thehtoe, 
united on the^side of the stem opposite tiie 
blade, so that the stalk impears to pMi timi^ 
the leaf. 

Feu, around; in Latin Orm. 

Peuantn, a mecal name for the fltoal enve- 
lope } appliM as caaea where tiiexu hi only a 
calyx, or Whetothe ca^ and oosoUn are aloe. 
Peucaeb, the ecveitog of the findt 
PEETOwnTTiL, Mmlieu to the kavee aamundp 
tog the fimit Bw£ar wta of Moetea. 
PuionAi>xu]i, the ki«e ihimfldng fsttole of 
MTmbettifianA 

PmouNiiiti anti PMurannANTmci the in- 
vulaere «f Ooi4toMtsB. 





« IM aiprt to 

ftaSiSSSSlllyl!^^ fcwxijfctettto 

ton to M* wiiArm Mmm to ftMito 
or tortnHwwni It In atoo ton ttiM to 
Ito afotooM «f jrnMmaiuuato 
VnimnuK, api^HM to the eomtof of the* 

irfittffhfffl to yto Jyic '* 

PtouaraamcAa^ tmti to n emtojo ouTed to 
M tosnrrona tto aJIraiiM^ fbUomvg 
ptot «f tod eomtof of the Med. 

Pmudvilui, toe tHiMin or mtriihtog anttor 
•tered 19 anth toe emtoyo to toe iM 

PaantoftK, toe ovtor eovntoff of * 

Fsntfoais. toe epentaf of toe ipo]«B(fotm ef 
lliMieeiiltor toera of toe ealgrpte and 
oinroahim 

Pa e m noiVK, e edMenteeto to Cry pt op u M, 
eeotototof tpeito* end Sevuig an ofoz^ at ime 

FftmenvT, not toOtof ^ miaaBni9*attadhed 
to toe eiba until toe part whito bean it la ma 
tured 

PsieovATi, a gan^etaloiii tmgotor eonOa 
hftvtot toe lower Im putotsd npwirda, ao ae to 
eloee toe hiatua b«dW^ the two hpa 
Pntoas, baring allta or bolea 
FnauLJBt toe icalea of the leaf bod 
PnraLOio, like a petal 

Petaxj^ toe learea fanmiig tbe eandline wbort 
PtTTOiUkffS, bavtog a etalk orpetKde 
PxnojUE, a leaf KttQi. the atelk of a 

leaflet u a ooBD^onnd leaf 
PHAKsnosAJKOua, having cotupienoiui flowen 
PHAimofmd nuBiroe oonipieaons, in 00m 
poutum Fktmero and PiLmo 
Pkloeuik, a name aj^hed in oompoaition to the 
balk 

PBOEaiVTHiir]i, (^pphed to the receptacle of Com 
positee 

Phobob, Phobuii, and Pnonv, m wordi de 
nved from toe Greek, are used aa tennma 
tkmsi meaning, that which bean, equxvalBat 
to the Itotm Pkrwr and F«r 
PnaMTA, transvene divom or fiabMadlpBeto 
ment to fruits 

Phyooloot. the atndy of Alg» or Sea-^weeds 
Phtllabikb, toeleafleta tomxag toe mvohiore of 
Composite florwers 

PBTXLonitnf, leaf-stalk enlaiged so as to lurre 
the appearance <tf a kaf 
Phtlloid. hke a leaf 
PfiYixopTosja, the fall of toe leaf 
PHYLLOTAXia, toe arrangement of the leaves on 
the axil 

Phyllux, leaf, in ce mpstltion Fkyth and PAyl. 

lous, m Latm ’ 
PHYaiooNOMY, general appaaranoe. wiihottt re 
ferenoe to botanical dharaotera 
Physiomoy, V^ietaUe, toe atody of the iono- 
tum of pJanti 

PKVTomMxs, toe dsvelopnent of the plant 
FnfYoomajrsY, toe deaomtin of ptonia 
PBTiroLOOY, toe ato^bf planta 
PSYfom a name am by Gmidichand to toe 
indmdmir plant aa represented by a 
WJto words derived from toa Qttek, FiyUm 
and Fksft 4 mean aJaait 


nenii ||i toa antoandia of 


r fnitampi_ a aiMtipana n^ls tf 

mniMi na aanama m. ammnu mm 


PnSro y || ^i imdl ptoaaf nb^diwato 
ofsnaormaaaesnala^ m^oaxi^lintaoto- 

famala flower sr a fsamlaplani ^ 

PisTUpLiiniiil, toa fraula omm to Onri Mi lBiii 

PtAcaanrA, toa adtolar >si» fftoaatigr nmto l 
toawvale 

PLAOBnTAXf > a plaesnto betetog mnsMmt 
ondn 

PLAOBiraaanoir, toa frwwrtaii jmA anaaganant 

bnad, toWapoaitom PMy, 
to Latto I41/W and Itoii 

PuiON, aeteral, in oomparitom JPM$, to La- 
tin Pton 

PLXioTBAonnm, aptral oeaaels wfth amnnal 
flbraaimited. 

I^XRUB, udien appbad to tba flower, maaaa 
double 

PuEunsircBYiu. woody tiaaae 

PLiunooAnrtVafoM irith toa frnotaflehtom 
nrooeedmg laterally from toa atoto Of toe 
leaveB 

PLEvmoEHXKxm, CnxeiliROii i^tThavtog toe 
radicle of the embryo mntoM to tim ad|^ ef 
toe cotytodona, whtob are eaUed .frowaiiiri 

Plicatx and Plxoaxxyx, pihiited cr fbldad like 
a fan 

Pi.uxosB,fratoary, ajrobidto baua baring two 
tongitnduial root of tnunute celtobar pioeel- 

sea 

Plvxuiji. the flret-bnd of the embryo, nanaDy 
endloaeafliy tbe eotoledons. 

Pluu, m Latin wotm means sem^ 


XEA,a eovsring of toaxootraimLem- bytoeutotsd 


P aoaB,pap wdid wito^, ^pbedtep^pus 
eompimtoef mamtoimita. 4 ^ 
PwanoxYKA, tmana sam p M ad af trtmtor oslls 


Plueiloouiab. having many tocWanirntt, 
Ponnnuix, a atalk biiring too front ifluilWi m 
some Licnens 

PonocABE, a atalk aiqiportuig tba frwi 
PoDooYRiux, a atalk Bapporang an ovoiy 
Podospbeh, the eord amtoiig tba aaadtetoa 
placenta. 

Pooosr, beard, to latto Ffuria 
VohUkXD’Tms, cot down ao aa to toara only 
toe lower part of tbe tnmk, whkb gbaa off 
nuamou bnda and brantoea 
PoLXBir, toa powdaty amtlsr ootitowad m ilia 
anther 

Pollbn-tube, toe tube emitted by toe peUen- 
jptun aft^ it It applied to toa tligiaa 8aa 

PoLLuriA, maaaee of poUan found m Qrtoida 
and Asmepiads 

PoLYAOXXjpHooa, stamaoS muted by toefr flto- 
menta ao aa to fom more than two a wnfi a a . % 
PoLYAKimotJa, Btaraena above twento 
PoLTQABnc, plants which flower and fruit many 
timaa m tike oonrae of toair bto 
PoLYooTYLSi>oifou8, on stobxyo bnvxEg many 
ootyledoQS , aa m Fua 

PoLYiMBEYoiTY, havum mere than sna tmH/gfo, 
Toitoam0v», ptonto Miring hsrasapbioaito m 
well aa male and fcm^ flowers* 
PonYOYiraBOXAZH a p Bl tsd to mnltoiafcnito flWB md 
by toe utotad many flowaen 

PoxToTVOva, haring n to piatilf ar iiyleib 
PomomooB, aa e m nl ig many sb a p sa. 
PoLTnTABooB, a eoralto eempoiad of tonmate 
petoto ^ 

FoLYnm&ooB, % aa^ or avohmio gBrnffaiad 
ef lepMEto toa dri a r 


PoxToTVOva, haring n to tnatilf ar ilglei 
PomomooB, aa e m nl n many sb a p sa. 
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lPo»rm4^<om»» « «djrz vm^ot/tA of Mpanite 


<lie Apple And Peex^-See xefer- 

Pqw ef tiipM Mme At iteAiM. 
PoiotTSTesiele, iftme ae Pllted or Dotted TeBseli 
Poiautcnr, IbrwaJBdi, 

PosnnioB, aimlied to the p«rt of the dower 
placed next tne axis ; Mae as SuMrior, 
Posncvsi tasne as SKtrom i anpUMto aai^fini 
Poooji Jlie abort pod or nbcLe ca some CSntcifenB. 
Poos, Ponoa, a foot or stalk* in composition 
Poio ; in liStin Pet* Ped». 

PmSGUtOSATioN, saipe as JhfivtUioH. 
PnAroxinnoH, same as Vernation. 

Peikosss. bitten, applied to a root terminating 
abruptly* as if bitteai off. 

PBIOKI.XS, hardened epidemal appendaga* of a 
similar nature to hein, 

PxucuTB* the outer coat of the orule. 
PsutOEDXXL, the Arst true leaves given off by 
the young plant ; also the first frait produced 
on a raceme or spike 

PEncQEDiiX Uteiclx* the lining mmnbrane of 
cells tn l^eir ear^ state. 

PmzsxivoxiTacA, tissue composed of pnsmatical 
cells. 

Fxooxss, any prominence or projec&ig part, or 
small lobe. ^ 

PnoouMBSirv* lying on the ground. 

Feo-sxbeto or PIuithalliis* names given to 
the first part produced by the spore of an 
acrogen in germinaiinff. 

PnoLmsEOUs, bearing formal buds. 

PaOHE, prostrate, lying fiat on the earth. 
PnopAoUbtrx* an ofliiuoot* or germinating bud 
attached by a tbickiab st^ to the parmit plant 
Peosxmohtiia, fusiform tusue forming wood 
PxofTOPL(Asx, the matter which seems to be con- 
cerned tn the early formation of nuclei and 
cells. 

PEoufcox, covered with a coarse granular secre- 
tion* as if dusted. 

Pseudo, false; in Latin Spurine. 

Pseudo-bulb, the peculiar aenal stem of many 
^iphytic Orchids. 

PsEUDO’SBEBXOUs, applied to plants bearing 
aingle-Beeded seed-vessels, such as Aehenes, 
resembling seeds. 

pTEEiDOQBAPniA, 8 treatise on Ferns. 
POBESCBEOB, shmrt and soft hairs covering a 
soifhee* wmch is hence caHed Vubeaoent. 
PuLVEEULENT, oovored with fine powde^ matter. 
PuLYiHATB, shaped like a cushion or pillow. 
PULTUius, oellukr iusdliim at the point where 
the leaf-dtaUc joins the axis. 

PuicuTAtED* a^hedio the peculiar dotted woody 
fibres CoiiuersB. 

Potijcee* the hard endocarp of some fruits. 
PiBBEJB* stony covenngs of the seeds in the 
Medlar. 

PnoDiuic, same u Poms. 


Ptxu and PsxcDiUM, a capsule opening by a lid 

Quadbi* in oompoeition, means firar times. 

QuijmxTAiioui^ in four rows. 

QuADimD, four-eleft* cot down into iom parts 
to about toe 

^ADBxruuATS, haviim four pairs of leaflets. 

QuiiDiZLOOULAB, havmg four locslameitits. 

WADixEavnvB, divided dee^ into four parts. 

QvAEarzKi* the fimiih coat of the ovules which 
often ia eksnged into aflramen. 

QuAfEurAVB* leam ecMiof off in fintiifitancDe 
paiaA 

Quuf AMY, o oaapoaed c| flve pnls* or of o mnL 
t^ple of flfu. 

ODiiTAra, five leaves ooaalBg off fton one poisd^ 


QuiMoim%whfliitlie leawoitEtbEM are Am; 

of whidi two a«E exterior, two ii^ 

fifth oovers tiw interior with M 
has its otluer imwgiu eeweaad by 460 i 
Qtdaeunei^ axrtmged in a qvinisunx. 
Quietus, in outtfbttnd worda aetBi firs. 
(^ur^fUBYXD, fire^edeft^ cut into five paxta as 
fsa at the middle. 

^XK^UELouuLAJi, having fire locuUments. 
ouinquEPAETiTE* divided de«pfy intCi,flve pai^ 
Quiktike, the fifth ooat^oTthe oeule* otitmwtso 
colled tile embiyD-sae. 


Race, a permanent rari^. 

Eaoexe, cluster* infiorescenoe in which there is 
a primary cuds bearing stalked fiowen. 
Racemose, flowedmi in racemes. »• 

Saohis* the axis of infloresoenoe; also arabed 
to the stalk of the frond in Ferns, aiid to the 
oommon stalk besring the altwrnate spikeleta 
in smne Grasses. 

Eadiawt, applied to flowers which form a rar- 
hke appearance* aa aeen in VmbeOifenB and in 
Yibumum, Ac 

RADtATE, disposed Iflce the i^kes of a wheel ; 
also applied to tiie florets of the ray or ctreum- 
feronce of tha.capitala of Compoeitie 
Radical, belonging to the root, applied to leaves 
dose to the ground* dnstned at the base of a 
flower stalk 

Radicle, the young root of the embryo 
Radius, the ray o^ outer part of the heads of 
Composite flowers 
Bahal, belonging to the branches. 

Rameitta, the sMies or chaff of Fema. 

Ramose and Bamous. branched 
Raphe, the line wMco connects the hflum and 
the choloxa in anatropal ovules, 

Raphidks, crystals found in cells, which are 
hence caJlrd Raphidian 

Rkcbptacle, the flattened end of the nedunde or 
rachis, bearing numerous flowers in a Imad* 
applied also generally to the extremity of the 
piraunde or pedirel 

Reclisate, curved downwards from the hori- 
zontal* hent bark up 

Bectembetk jc, the embryo stnught in the axis of 
the seed 

REonifEKVTs said Rkotivenius, straight and 
paralld-veined 

Rectisbbul, leaves disposed in a rectilinear 
senes. 

Rboubvbd, bent backwards , 

Redupucate, edges of the sepals or petals 
turned outwards m eestivatiou 
Ebgma, tqi^-voesA^ composed of elastic coed, 
as in Eu^orbia, 

RegulaBj applied to an organ* the parts of whidi 
are of similar form and size 
Reliquie:, remains of withered leaves attached 
to the plant 

Remipoem, in shape tike a kidney. 

RxPAHp, having a slightly undulated or sinuous 
margin 

Replum, a tongitndinal division in a pod foinied 
by the placenta, as in Crudforn 
Eksupinate, Inverted by a twisting ot ^the 
stalk. 

Bbtioulated, EEtied, applied to leaveu haring 
a network of anastomosing veins. 

Ebtitoem, like network. 

Betihaculum, the tgandular visdd portibix at 
the extremity of tite fiaodlde in some pol* 
linia. 

RMnuEBTis and Rstxvemxus^ having retioalatod 
veins 

Beteobsb, turned bfidHratfis. 

Ritvosn, when the e m a ai ty is broad, bfaut* and 
di^lhuy depressed. 

Rbvqlutb sad RavoLtmvE. leaf with its edgsa 
idled badcwBida to vetBatun. 





waAviaUk^ ^ 

W»axnjm$Jm w am g fumJkidiib^ xwti 
“’%anm^ aJ^Vkrtf Mitmtt i» wlochtt^t^p^ttbp 

BoiAOioinL •mind to ooroQM IMng ocfinto 

Boiam» teavoidttpoii^ m cliMO oinaiM 
««lmter 

Bmxnaiac, • prolowntton of tin ngpa edge of 
tin ttigoia m iH»iieX)r<dudft 
Bo«KBAt«i beaked» lumm o long tiurp point 
Bovavb, n leralar nmopelifeiu oortiln witii • 
tinrt tube, tin linw epfeediiBg eitt man <»r 1^ 
•t ri|d^t 

RoxAnon <xe CjwAtiojirfjk poeuUtg cirenlBikm 
of tin oett 9tp, eeeii m Hydiocln n dinen, ke 
BcDUt^MTAMT, u organ m an abocrtivo atate 
aneated m ita devtiopment 
Bvaoan. wnakled 

Boxzvatx, iqipUed to nottied olbmnes 
Bukcinats, a pirmotifld leaf with a tnangnlar 
tenmintion, and ahatp diviaioin polhting down- 
warda aa m Dandelion 

Sacoatx, forming a aatii or bag« aeen m aome 
petala 

SAomATX, like aa arrow, a leaf Inving two pro- 
longed ihaip-pointed lobea projeoting down- 
warda beyond tboinaertion of the peti^ 
Saicaba, a winged dry fruit, aa in tin Elm 
Saboocabp and Saboooarii;^ the mMooarp of 
tht fruit having become aucoulent 
Sabxbkxum, aometimea meaning the same aa 
Ftagellim, or runner, at other tunes applied to 
a twining stem which supporta itself by means 
of otbera f 

ScABBoua rough, covered with very atifP abort 
haira , SeabriMgcmluSt somewhat rough 
SoALABiroBif, veaaela having bars bin a ladder, 
aeen in 1 ema 

SoAiTDain, olimlHi^ by means of anpporta, aa on 
a wall or rock 

SoAPX, a naked flower-stalk, bearing one or more 
floweis anaing from a short axis, and usually 
with radicai leaves at ita base 
ScAuova, having the conaistenoe of a dry scale, 
membranous, o^, and shrivelled. 

Scion, the young twig used aa a graft 
SoLKBoasN, the^ickenmg matter of woody odla 
SooBXFoiM.intheformof tihng8,oi like flge saw- 
dust 

ScoBur A, the flexuoee tachianf aome Grassea 
SoomoisAL, like the tail m a scorpion, a ne- 
outiar twisted t^rmoae uflmreacenoo, as m 
raginaoen 

SoBi^iooLAZB, pitted, bavmg small depressioiis 
SovTXixuK, a sort of apothecium in la^ens 
Svcnifn, aU turned to one side 
Sbccitdinb, the second coat of the ovule within 
thepxuuine 

SsmoAps, s^aiatedfrom eadi other 
Siix, half, same as (Vredi JSfesu 


, or seed-leaves 
the calyx 
itkms 


SiPTAXB, divided 1 
SiTTiM, aeven, m 


m aerena, a 
ee^wnnd Jeacm#>venleeaeteeoiitin^ off 
from one point 

Sunom^ dtiiiaeeiiMof aa^ 
thea^taoredgeaoftheoarpela 

^ miara togftwa the smta . 


SiMMer Swdm* ttitHag ihflitp y aii tein 
mnMiltlMtiteteatliyAihW JMam wt ^ 

SKmacLAUi, with vary fl«a seawtiM 

Bmcidi. in eeDBOMMitKiiL meant fltte and ndMlf 

petiole 

SXTA, ahnetieorabaimhKfri alao applied ta tiie 
gbmd-t^n^ w Boaaeem ana fifomeki, 
and to timatalk bearing tile tiweateMoaMi 
SKTAoxoca and Samrour, m the flbm «f 
bnitiea 

SarxQxaooa, beasmg eetie. 

SstOBB, coffered wiw aetee 
Six, m Latin aix , aame aa Qteeh jBere 
SiLiouxA. or SxirXCLB, a abort pod witii a deuble 
placenta and reptuBi, as in some Cntofone 
SixjcuLosAB, beanng a siliele. 

SiAiquA, a long pod similar in stmctnre to the 
nheula 

SxAKtHAf OBIT, frmt like a aihqna m flun 

SiLK^uosjE beanng a Bihqua 

Sixrx.!, not branermig, not divided into leparate 

S orts , JSin^hfirmi* tat those formed b^ one 
ower 

SiNxaraeBsx dmeoted towards the left 
SiNUATBO the margin having numecoas Urge 
obtuse uidentations 

Mbuous, with an wavy or flexuons mai^ 
SoBOLXs, a creeping under ground stem 
SooiAt Pi ants, such as grow natundly in groups 
or masses 

SoBBDXA, powdery cells on the surface of the 
thaUus of some Lichens 

floBOsia, a compound or pclygynoecial sueeulent 
irmt, such as Breadfrmt and Mulberry 
SoBUB, a cluster of sporangia m henia 
SpABix a succulent spike beanng male and female 
flowers as in Arum 

SpATHAOxoiS, having the aspect and membran- 
ous consistence dt a apathe 
Spathb, large membranous biaet eovenng nn- 
merous flowers 

SPATHXLLm, another name for the ghunelUB of 
Grasses % 

Spathvlatx, tiiaped like a spathnla, applied to 
a leaf having a Ihiear form, enlarging suddenly 
into a rounded extremity 
Spawn, same aa Myethum, 

SpBciPio Chabaoteb, the esaential chanictor of 
a spedea 

Spxbmatia. metumleia op^nnatoiciqdi m the 
oonceptacuMi of Fungi 

SpXBHAXOEOina, nurw fl^menta contained in 
the antbendia of OTptegmns, called also phy- 
tosoa and aaiheroBoiaa 

Spbbx ouBBic, the general oovenng ot the aeed 
Sometimea applied to the epupem at outer 
covering 

Spbbmooonx, a eonceptacle eontaming fruetifl* 
cation m Fungi 

Sphjkbxnohtha, tissue composed of i^ieiieal 
cdtls 

Spibb, inflorescence eonsisting of moaerans 
flowers sessile aa. an axis 
Spixxlxt, aaiaU clutter at flowers to Orasset 
Spxnb or TOOBN, aa abortive faraadi with a|iaid 
•harp point 

Spinbboxnt or Smrofi, beattog i^mei. 

^piBAL YBaante or SpinotnxA, bimy a 4hal 
fibre emUd iiitidB aitibu 
SmiLLOic, aame aa S^muttoaeid 
Spxboloiixl Crueiform ha^ the cototodona 
twice tite reduto heUttdBSMd^^ 

Spohoxolb or SpoxreiLBf, tSe eeBitiaf aitoe^ 
nuty of ayotmgrooi 



OtiOaUKT. 


C 9 |M- 


mqM iwtwij «n 9 r WM tMtu 6» 
fcywaA w,«ro^ 

SB|p tiU) ffMin of tcpvocnoBOB In MsniwtoMD. 

B^ama, a •JSepSSo nml^ to Imeti <m tbo 
woiHttd«ofGQQma#t«,tote^ inthoiaflo- 
t JlOQBQto Of i fff »4 to fbo of 

QXAIMif 

S^OAMOts, «or«red wt^ ootlM. 

BquAsxoom Qovend witb piooeMeo opreadiag at 
ligbtanipeaorln a gieMor teroe 
SiAOHio and Siaohya» ia Okck watdi ligiiifiea 
at]^o 

ifteaiour. the male osgaa of the flowar. fomed 
bj a atalk or fflament and the anther o(mtam> 
iagp(dlm. 

fteAHZMATS and ftrAimrsrsBOoa, mpUed to n 
l ft«^ floarer, or to planii bearing mue dofarem. 
SrAMinoptvx, an ahortbe atameu. 

9rAin>AiD, tarae aa VewQUm. 

SvaLLAn or SxaiAiToaM, arraa^ like a atar. 
SnmiaMATA. eaUa bearing naked opo^. 
SrsniLB, mau floaren not bearing fruit. 
STTCKinXA, pod'like recentaclea oontaining ifporea. 
SnoHooa* at ike teruunation of worda means 
a roar, aa MtHehm, in two rows. 

SnaxA, the iqiiper eeHukr aeereti^ pmtion of 
the pistil, tmeoroed with qddennia •, Sti^matic, 
bebmgBig to the stigma. 

SvixuLts, a ating, applied to stinging bain with 
an itrlwii^ aeaeaon at the base. 

Ann;, the stem of Palma and of Tree-frnia ; also 
applied to the stalk of Pem-frcmda, and i» the 
aUdk bearing the pilena in 
Srznn,, a amiul leaflet at the haee of tbe pinna car 
priuniles of compound leavea. ^ 

SnpnATi, fopported on a stalk. 

SnFOi^nt, applied to organa occupying the 
place erf atipuiea, sudi aa tendrils. 

SsuinuATi, ramiahed with a^mlea 
Stxpoli, Waflet at the base oT other leaves, hav> 
ing a lateral poaitiem, and more or leai ehanged 
eithear inrfbm or texture. 

SroLon, a tucker, at first aerial, and then tam- 
ing downwards and rooting. 

STOLonmaoca, having oreq^i^; mnnen whtdi 
root at the ipints. 

8v09unwaDaSxoiCAYA,(9eiiinMJniliea{dder- 
mia of plants, eapedaUv m the mvea. 
SviAHaoLATsn, e on teac t ed andeapanded finregu- 
hri^, 

SrixA, a nKtow line oar mark. 

SniAfftD, marked by etredca or ririm 
Srstoois, covered with xongh, etrong, adpreaaed 
bain* 

Sisonitna, a cone, appUed to the trait erf Furs 
aa w^ aa tothatome Hop. 

SmopBipLia, a sort of aril or aweUing on the 
anilhce of a teed. 

8sB«afA% a crihdar awd^ at tin point where 
a kafiet joins die midxfh i riio a ewdling be- 
tow the epprangfapBi of M e n es* 

Srvroax, having a toft of bairn 
Srn. 1 , w ataJk intetpoaed between the ovary 
iM the stigma. 

Smx>vojD, an epigyuMi disk seen at the base ot 
fheriylmcrf^aMiifmm, 
fli»saov% haring a eaeky testora* 
BuMKCluM/mau aa g b p riia Baa 
6pnTBinAiraAJt,nndnf gtoiind. same as J^payaai 
fioamcn, absM urn an awh 
fto f ymwmp an, Mriag the ohiitriaia af an nn- 
dowhnih. 

SvLOASS, fhmrwed or gracwod. 


MBatort to kMwi 

plaeed MWi Mm aadhr 

SpynYOLVTE or iB» a wiioi . »f w m» n tmf wMfed 
iqMniiaelfimYanMi^^ ~ 

fiDBOOssa, a eashar, a ihaat tfenmm eff imim*' 
granad, and intiy rooting at ita base^ 
SoentwBBP, tmoi to aa o^ wirfeh hinga 
from a point alMtle brioif the 19m ef Mm 
oivary, 

SoarsMaoi, the eerd wbfhhiameads the arihryo^ 
and is attadmd to ttta xai^ in the yMttf 
. state. 

SirruiAL, applied to tiiat kind of dchfaesnea 
whidkiriceaplaoaaS^theawtittesof theftnit. 

Sinrosa, the part where sMsrate ergiiie wrihs, 
or where the edges erf a folded orgin t/S^m ; 
the voMlfwl Mhwe of iim ovai7 k tut newt tim 
eentre of the fiowert the daw iiriMra, eocre- 
to the iridrQ). 

SrooifUB, a multiple or polyg y nom i sl aueeideaft 
hollow firnit, u in the itg^See rafereaes in 
Index. 

Ssnxarnr, amliad to the flower, has letoenoa 
to the pmia behur of the same namber, or 
multiidea of each ower. 

Syn, in oonq^osition, means unttad. 

SniAiiTHsnoea, antiiers united. 

Strantros, flowers united together. 

flyNCAEsoua, caipda untied to m to fbrm one 
ovary or piatiL 

SvNeaMBsxovB, same u iSymmfdaraiir. 

Btrooxbsatb, stmnlea unitii^g together on the 
(Opposite side of the aria from the leaf . * 

TAFsiKRcnmaA, pitted veaaelay aame m Jkth- 
meijfma. 

Taf^root, root dascendiag deeply in a taperhag 
undivided manner. 

Tazomoiix, piinoiplea of the olaaaiflcaition of 
plants. 

TnemN, the second covariigi of the seed, caOed 
a]MO JMoplAtma. 

Txqkbrta, scales protecting buds. 

TnuATOLOOT, study of monstrosities and mor- 
phological changes. 

Tjcioxmjk, the thiid coot ef the ovule, frirmfaipthe 
covering of the central nucleus. 

TmusTS, neaihr cylindrical, the trensverse sec- 
tion nearly efrciuar. 

TxnRABT, parts artengsd in ihraes. . 

Txamats, ooupound jearee eompesed of three 
leaflets. 

Tuta, the outer covering of the seed; some 
apply it to the eqrerings taken ooUectiv^. 

Tk8Tiou]:.ATi, root hamg two oUong tubemdae. 

Tbtsa, in Qruk words four: in Latin Quaftr or 
qiiMdri. 

Tstbautraicoub, finar long staamu and two 
short, as in Orurifsrm. 

Tstbaoomoub or TermAaoRAL, having ftaor 
an|d«>» the frmes beingjaenvex. 

Titkaotrous, having foar carpels or fbur stylH. 

TsTnAinnoue, oomposed of tour parti ; a flmtor 
istetramerouwhenitssriyriopea aiainllMst, 
or multiples of that 

TmARJORooe, haring tens atanwais. > 

TxnApTxnous, haring tour wings. 

TiTnAquimotra, haring fbur auriss. the ftosa 
being eoaeave. 

TiTnASFoni, a gccminatiBg bolfr in AM tdm- 
powriofflwr jpo^iSlkTiUt Supplied 
to those of ^ — "• 


to those of three ceils. 

TarnATRsoAi* haring toas l o a riam s u tot 

TtuJ^xxiLOBAU pam ef tlm Ikaal ewvstops in- 
antod separator b|to the reoepkaele or Ma- 
ynua flfio Tndiw 

'hiALAHcs, the reoaptarie of the flower, or dhe 
pari of the ueduricto into whirii the iiBHd evgam 
are inserted 





Xtt4umnti» fimpt 


isiss^3m?W5Sh«. 

ZnoAXt !■• of ft flaraMftAkwi flowfir 
^Wftiort«fMHu£ri^%alnittsb 
IF oC grapat,tfaevifloi«iOffu»1^^ 


r^js^sn^^SLtlsiyz^ 

Ttys, 1 m pomn tqyeisittS W ii at wit of ity* 


IVitss, tt sq^ toT9AK>(l nieizM or 6 

loxsifTOUi, coTcred vHh octtoay, ntaai^ 
pnboseeiuw esOed towM^* 

'mvLOMMf wmortiiu ssooetinr* itnmded swell* 
tiigs,tawtbeiuaiuimttpodiofMmeCri^ 
T»av% WHithnr nwne ftprUnksies, suoMto&M 
mnbed to e much, derelaped ihalsmas, as in 

1 IUOBB4, a same for spiza^ Tessels 
rsAClCBZcoHYJU, tuMuo composdd of spiral 
Teasels 

rsaifSFiSATiOK, the eshslatwn at fluids bv 
leares tsc 

TiuciS, three , Tua, thncOj in oomposition Trt 
TsiAuitLrBova, Stamens muted in three bundles 
by their fllsments 

TaiAMuueosL hsTuur three stamens 
Tsiakoulab, havmg three an^es, the faces 
bemf flat 

Tbiohoioxoub, dmdmg sucoessiTe^ into three 
branches 

Tbicoccous, formed by three elastie monoi^ 
mal carpels 

iBictsPiSATS, having three long pomts or cus 
pides 

iBiGOSTATB, three*ribbed nbs from the basG 
Tezdbviatb, having three teeth 
TmrABious, in tl^ rows looking m three di* 
rectums 

TBirin three cleft a leaf divided into three sag 
ments which reach to the middle 
IBZFOLTAIB OT rBiFOUOLATB, tame as XtnuUe 
When the three leaves come off at one pomt 
thsMis temately tr^oHotate, when there is a 
teraunid stalked l^et and two lateral ones, it 


temmid stidked leaflet and two lateral ones, it the portent confluent peng^ 


is ptmuUely-trtfoliolate 
iBiooirovs having three angles, the faces bemg 
convex 

TbioxmoiiS, having three caipds or three 8 t}Ies 
Tbuuoatx, havnm three pairs of leaflets 
Irtlocdt AB, havmg three loeulaments 
luiMSBOUi, composed ot three parts, atnmenwr 
/lower has its envelopes in tumor multiples of 
three 

Tbibxbt», having three nbs spnnging ti^eihar 
flraoL the base 

Tbifabtitb, deeply divided into tfardi 
Tbipibbatk, a ecnnpomid leaf three tunes divided 
in s pumate manner 

TBiYUfXATifxo, a pmnatifld leaf willi the seg> 
nwnts twwe dmded m a naumtifid manner 
IMHicostatb, three m proceeding ficom 
abore ^e baae of the leaf 
TmiQvmkoos, hnnag three the Ikces 

being ooneaveL 
Tnenosoua, m three rows 
TiiffXBBATB, three tunes dividea in a temste 

TBOfBoatxBii, a name Ibr the plaemita 
Tbuhoatb, tenninaUnfl abnipt^, as if cttt off at 
the end 

Tmu^a t hie kcBed nndeigronnd stem as the 

Tnirnciiije, the swoSkn root of acme terrestrial 
Orelridt 

T vin yoa, appUeito nota In the fixrm of tite* 


a apeeiea or geniw ehnrafltarimt of an ordair 

Dinwi;^ iaflooreseesiee in wbkh nnmeMni st» ( jfesd 
flowm ai^ from one pOMd; 

UMauxoiiB, a amen mabeL seen m tte jeoni- 
poond umDsUateftomrers crMmny VmbeStttetw 
tlBBiLicAra^ fixed to a stalk by a point in the 
centre 

UiffBiLicua, tlie hihun or bsae of a seed 
Umbo, a oomoal protuberance on a surflum 
Umbomatil rouBO, with a profoctiiia point is the 
centre like the boss of an ancient Miew 
Umbbaoui ijrt bous, in the form of an expanded 
umbrella 

U2fci;|fAiF, porided with an mtats or hooked 
prooeas 

Umdkcim. deven. m Greek SHdeea 
Uvoou, daw, the narrowedpia?^apetal{ sndi 
a petal is called Ungnuonieh 
Uni, m composition onu same as Gredc Mapn 
Unioxu vlab, composed ofasingle ceU, as loase 

\jviLAiPBAi^ arranged on one aide, or tamed to 
one Bide ^ 

VmhoovhAn, having a shiglle loeutu$ or anHj 
UNiarxifAX^ of a ungle se^ Wplied to punts 
having separate male and mmde flowers 
Ubcxolatb. um shaped, applied to a gamope* 
talous globular coroUa, w»h a narrow opening 
UsTULAR, hla/>i n^ ^ 

UiBici B, a name for a thin-waUed ceil, or flxr a 
bladder-hke oovenng 

Vteicujlus, ^pbed to a Idnd of fhut like the 
Bohene, bnt with an inflated eovenng, also to 
the pecautent confluent pengone of Oarex 


Yaqin A, aheath, lower sheathing portuni of aome 
leaves 

Yaiibcula an mtnrra! between ihe rlbk OB the 
fruit of Umbdliform 

Valvatf, opening by valves, like the tnits of 
certain Bera-vetsds, whldh separate at the edges 
of the mmela 

VaLVATK .fiSTtVATIOB afffl yXEBATIOB, whCU 
leaves in the flower-bndandhMf'bud are apphed 
to each other by theur maRUu only 
Valvjcb, the pomona whi|^ aeparate in some 
dddseent capsulea A name also given to the 
parts of the flower of grasses 
Tascolab T1B80B, eompofsd of spfaul vesSela 
and their modifleations See Jnder 
Vasixobx TiasvB, aame as 2 MM vmett 
TilMB, bundles of vessds in learm 
Yxlum, veil the cellular covering of Gw gtti of 
an Agulc, in its early state 


is next the axis 

YjurTBxooas, awdhiw nhequaSy on one aide 
Yxbmiujlab, ah^^hkp a warn 
Vbbnasiov, the amugeRent of the leaves te the 
bud 

YBBivcofiB, eorared irUhimt40AaK(Sbiei^^ 
YnaAiiij^ atohed te^in mUm nhiA A id* 





nm 


TwmmuAmm, * 4Um hM, ibrated «f two 
MibOetyM^todm tJieanlfof op- 
polite lowreik 41 m Iw<4iettle. 

VMiotat, mower newe for » tell or oWe 
VMbbib, tabcj with dmed extremitiei See 
Indiut 

y Kmiijwt, mplMd to sMtivatum when ilie vex- 
iSLvaa u fo&ted over the other parts of the 
flower 

\xxxLLUit, standard, the npper or poaienor pe- 
tal of a DaniQio&aeeoui flower 
Vioiif ri, , aame as Ghreek Icon. 

ViLLovB, oovered with long aoft haus, and Uav 
uig a WD(dly appearance 
ViBaan, tnd straight like a wand 
Vii} 0 <Mos, clai^y, like hud hme. 


^ eitdirpo^ae witep psaaiM h 

y^gs^plnitsiiido^ M4MidikplaoB 

Vp£DBi£B, twining, a stem ar^enArfl twining 
round flwer platm 

VotVA, wnmper. the organ whndi enetoeea iAtt 
pacts of fractulcainin m some Vttngi at ihur 
yoongstate ^ 

WHoaLFD, same as VeriMaU 

WniQB, the two lateral pet^ of apspOkmaoeous 
flom, or the broad fiat edge cX my organ 

Xsjiani 08 ,yeQow, m composition XswfAa. 

Zooeronx, a movmg spore nrorided with dha, 
called also Zootp^ and ;!9mfosoMi. 

ZooTHTCA a cdl containing a apermatosoid. * 


ABBREVIATIONS AND SYMBOLS 


Tbx names of Authois are abridged m Botanical works by giving the first letter or syllable, Itc — 
Thus, L stands for linnffiUB . DC for Be Candolle, Br for Brown, lAm and Imk for Lamarck, 
Hook fbr Hooker, Hook fll for Hooker jniuor, Lindl for landley, Am for Amott, H andB for 
Hnmbcddt andBonpland, H B and IK for Hnniboidt, Bonpland, and Kimth, W and A forWiglit 
and Amott, forBerkeiey Bab forBabmgton &c 

The symbol oo or 00 means an indefinite number , m the case of stamens, it means alxne 20 
O O 0 or A means an annual plant 
^ OO O <D or b means a biennial plant 
A or P meant a perennial plant 
or 8h means a Shrub, 1 a Tree 
) turning to the left , ( taming to the sight 
0 =: Cotyledons aeenmbent, radicle lateral 
0 11 Cotylednns meumbent radicle dorsal 
(» Cotyledons eondnpUcate, radicle dorsal 
O It II Cotyledons pheate or folded twice, radicle dorsal 

0 II )] 11 Cotyledons folded thnoe, ladide dorsal 

^ Hermaphrodite fiower, having both stamens and pistii 
Male, stanumferous stanonate, or sterile flower 
$ linnale, lustilbfhrous, instillate or fertile flower 
^ $ Dnieaxusl ^>eC3es, having separate male and female flowgrs 
^ ^ Monoecums q^cmes, bavmg nude and female floweis on the same plant 

^ 9 Dueeumi q^eeiet, having male and female flowers on diftoemt plants 

Balygamoni speoes, having hermaphrodite and luusexual flowers on the seme or different 
phmts 

1 Indieates certsisty as to a genns or t^ccies described by the anthor gnoted 
9 Xndieateedonbtastothegen'ttsovspeoiee 

0 Indicates sbeenee of a pmrt 

V V $ ykb vzvim q^tsneam, indicates that the author Iws seen a Ining native ^eeunsn of 
the plant denadlW by him. 

r V € Yidi mram ooltaia, mdioates that he has teen a hvmg cultivated epeenpem 
T 8 B Vidt siecam apontanesm, infficates that he has seOn a dned native qpeeunen 
vac ViiislQeam«iiltiin,nidimtef that l^e has seen a dned ei^tnrated specimen 



INDEX. 


Abattodnm, 614 
Abbremtiaitt, llOS 
AbdmoMiLiu, 770 
Abenratioa, diromatw 
and spbencal, 14 
Ablea,^ 

Abietmen, 008 
Abiebtes, 1061 
Abromd 772 
AbuBtbium, 8S7 
Abaorption. 461 
Abuttira, TTfS ^ 


AcanthMOBB, 860 
AoohmatiKinfc 682 
Acenoeao, TvO » 
igchaeniuin and Achenej 
280 

Aohlamydaotu, 176, 224 
AchlymOee 
Achraa,860 
Acbromatio, 14 
Aconitom, 740 
Aooraoen, 040 
AcotyledoneaB, 054 
AcotyledonopoiL 72 
— — embryo, 806 
— - etem, 02 
AM^ledons, analysed, 
969 

Amamphibrya, 748 
Acrobx^ OM 
Actocarpons, 884 
Acrogeam, 054 
Acrogenoos steaij 02 

A^^^Sogeiim !^4 
.980 
ia, 771 
,802 


^ ne, 801 

„ , 780 

^ifciratunLlOl 

Afl]ittleaofn]iuiia,720 
4£aoB,«(]gra <4; 1016,1010; 

AgvMigiMr 

iSBSAIfe’"'*" 

Agava, 906 



AgeofEiogens, 70 
Ages of ^(^<^667 

351 

Ancdim and Abalotb, 861 
Ahnabnete, 910 
All cavities, 36 
Akee 780 
Alangiaceee, 809 
Alarm 968 

Albumen of the seed, 800 
Alder, 899 
Aldrovanda 764 
Aletliopteris 1000 
Alfitru 926 
Alexanders 825 
Algw, 848, 964 
Algaroba Bean, 802 
]^agi.B01 
Alkonet 860 
Alkanns 806 
Alien species, 1026 
Allsmaoesp, 987 
AUium, 960 
AUon 901 
Allspice 810 
Almond-tiee. 806 
Almuggim, Almug'trees, 

Alnites, 1064 
Alnus, 899 
Aloe, 

Aloe-form, 996 
Aloes-vood, 881 
Aloysia, 868 
Alpine-Aretie flora, 1011 
Alpine flora 1004, 1009 
Alpitte plants of ^tain, 
1028,1081 
A]pinla,921^ 

Alps, flora of, 1008 
AliinesB, 768 
Alaodett, 768 
AlstvcMhexia, 926 
Attornatums of gmiera- 
tion, 6 
Althsea, 770 
Altmgia^, 886 
Alum-rootf^ 

Amadou, 9t& 

Amanita, 968 
Amaranthaoem, 874 
Amaiy]2idaoe», 924 
Amber, 1061 ^ 

Amenttf^ ibsaU, 1068 
Am en ttf n r ona, 169 
Anunemae, 826 


Ampeiidess, 782 


AmpelQ|Niia, 782 
Ampeloa,782 
Amphibrya 916 
Amygdalme, 805, 806 
Amyndaeese, 798 

region of, 1016 

Anabaina, 967 
Anacaidiaceov 796 
Anachana, 917 
— movementa in, 
416 

Anacyclua, 888 
Anagglha, 870 
Aiial]^cal system, 724 
Anamirta, 7o2 
Ananassa, 927 
Anastatica, 760 
Anatbemm, 960 
Anbury, 67 
Ancbusa, 860 
An^, llora of, 1004 
Andira, 801 
Andreeaoem, 968 
Androeaum, 176, 218 
Andromeda, 847 
Andropbore, 177 
Andropogon, 950 
Anetbum, 826 
Angehca 826 
‘ Liobeni^ 


Angiopteris, 955 
AngKwpetmMB, 878 
Ai^^spermous plants, 

Ar^^pw^ rmgn of, 

Angola-^^, 951 
Az^tiini or Angoriiura, 

AnrastiaeptB,279 
Anunala and Vegetables j 
contrasted, 2 
Annoe resin, 802 
Anise, 826 
AnonacesB, 751 
Antarctio flora, 1018 
Antbemis, 888 
Anther, 221-281 
Anthendli^818,886,8S9, 
848 

Anthimhore, 177 
Antbotaxis or Tnfloies- 
cence, 172 
Antboxantbum, 949 
Antiaris, 692 
Antldesma, 898 
Apetate, 678 


Apetaloua Calycillorm, 

Anetalona Oordlfaflone, 
878 

Anetalona Thalamiflone, 
794 

Apiaceee,824 
Aplectrum, 920 
Aploperiatomi, 887 
ApooirpQUa or XHaly- 
carpoua, 241, 244, 2M 
Apocynaceo, 858 
Aponogetott, 942 
ApopbytM, 837 
Apostasiaceov 920 
ApotbecmncL 816, 842 
Apparatoa for Kdlecting 
^^ta ,1076 
Apple, 807 
Apncot, 806 
Aquaho plunta, 979 
Aquifoliaoem, 849 
AquilaiiacesB, 881 
Arabia, flora ci, 1015 
ArabiD.88 
Aracem, 989 
Axadua, 801 
Araliacem, 826 
Arar-tred. 006 
Arancaria, 906 
Arbor-vitee, 910 
Arbutna, 847 

820 

Ar ^jg ogm, 816, 885, 859 

Arrtrani,888 
Aretoatapbyloa, 647 
Areta,9M 
Azgel, 868 
Ailemone, 767 
Argyll, Duke of, on leaf- 
b^oflCda,1064 
Anl,800 
An8UeBa,772 
Anatolocbiaces^ 888 
Armon, 902 
Arnica, 888 
Am0tto,761 


II, 


Aarow-mii,^ 911 
922 

Axtanth»,895 
ArtomiauL 88B 
ArhSe,880.009 
Artlaia,lOS0 
Axtooarpaoeat, 096 



im 


IMOiSX. 


AMignn»9ili 


iMtnua, 884 
Siddlift at Pitebart, 141 
Aj^Ej^aeec^ 8fiS 

Ath in plaati^ 8^ 
iaiatic laltnai, flom of; 
lOU 

Ai|wraca«» 999. 480 
Afpennlliu, ^ 


S2£:3’*“ 

— BmdL909 
Pemuii^fiao 
Bailej.960 
Baroaiets» 965 
BuoiiDa,789 
BaningionlMeB, 611 
Boonrood.dOS 
Baum or Baal>ihemoA, 
790 

Buellacen, 874 
BaiidioBparoiia, 848 
BanL^ 

Baum, 849 


BlimMng, 785 
BlodA^m 
Boaxda fat ju 


AdomBu. 885 
Agben, Begion of, 1018 
▲atugaliUi 801 ! 

Aipo^SSO 
Ai^^te, for apedmeiu, 

Aatrooaiyiuu, ^ 
Aatrolnna, 848 
Ati^9$8 

Atlieroi|Mruaeue, 679 
AtropacM. 863 
Att^986 
AnckluidiiLSSa 
Auckland Boca 

of, 1091 
Aneuba, 897 
Anrantiaeen, 775 
Anrieuia, 870 
AttatratiaQ Currant, 881, 
848 

Australian flora, 1019 
Australian Tea, 789, 810 
Autumn Croeos, 938 
ATa,885 
Avena.960 
ATerrboa,766 
Avioennia, 808 
ATOeadoPear, 87B 
Ayer, 781 
Azalea, 847 
Azote, lourou of, 877 
Azodsed oonqpounda, 84, 
879 

Babul^vood, 008 
Baoa and B^caiai, 808 
Bacoa,887 
Bad or B^ 776 
Babamphoraceso, 905 
Balm of Gilead, 799 
BalmQfQaeadPir,»06 
Baliwm, 766, 910 

ofCkq^SOO 

of Peru, m 

ofToitt,8(» 

~oftI»W,981 
Balsaiiiifiorp,696 
Bduminacue, 766 
Balaamodendi^ 799 
Balsam-ti!iaef799 
Bambooor Bambu,99»950 
B(oubaia,900 
Bambniiuin, 1068 
Banana, 99, 999 
Banana^Airm, 908 
Bi9llmfa,66Q 


Baol^iTTl 

Ba^SOi 


Bauwood, 778 
But, 779 

Bastard Toad-flax, 863 
But-tissue, 83 
Batatas, 889 
Baddma, 809 
Bay-LanreL 806 
Bdellium, 799 

African. 889 

Egyptian, 987 

Bean-ca;^, 786 
Beans, 801 
Bearberry. 847 
Bearer'tr^ 751 
Beech, 901 
Beech-drops, 865 
BeefWood, 901 
Beet. 874 
Bfgomacen, 876 
Belladonna, 864 
Bdvisiacen, 815 
Bmigal Hemp, 601 
Ben-nuts and Ben-oil, 
808 

Benzoin, 849 
Berberioacem, 759 
Berheru, 758 
Bere, 950 
Bergamot, 776 
Bei^-mehi, 968 
BeroshorBerodi, 909 
Beny, 5»7 
Bertnolletia, 811 
Besha or Beushim, 868 
B^874 
Betd-uut, 986 
Betle, 895 
Betniacen, 898 
Betzal or Betzalim, 980 
Bhang, 890 

Bihiru or Bebeeru, 678 
Biennial, 66 
Bigg, 950 
Bignoidaoem, 856 
BSh or Biah, 749 
Bilheny, 649 
Bindiued, 859 
Biological sciences, 9 
Bir^8Q9 
Bird-pepper, 869 
BfrthwoiVm 
Ui^t-rMts, 980 
Bistart, 876 
Bitter-app^ 814 
Bitter^i^OOB 
mtten^lVl, 790 
Bixaeeierm 
Blnek Bryony, 916 
Blade Pepper, 835 
BlaekirlS^OOi 
Bladdeisnttt, 795 
Bladder-aenna, 801 


B(&-§hasX(ia7 
BdetuCooB 
Bom1ua:,771 
Boutandia, 789 
Borage, 860 
Boraginacefle, 860 
BorBsrai,986 
Boscheih Tea, 889 
Bosvelha, 999 ! 

Botanical Gecfran}^, 
general fiacts of, 1087 
B<nany, defined, 8 ! 

Botany-Bay Gum, 980 
Botany-Bay Kino, 810 
Bdhreudiyma,97 
Bothrodenoron, 1055 
Botnim, 797 
Botrytis, 969 
Bottle-tree, 77\ 
Boncherie’s plan of ure- 
serring tin^, 440 
Bourbon Seammotty, 858 
fiourdeanx Fine, 910 
BomstiL 969 
Bowstrmg Hemn, 980 
Box, botamcal, 1076 
Box-dat, 810 
Box-tree, 887 
Brachydiiton, 771 
Brae^hyllum, 1059, 

Bracts, liB 

chaffy, 164 

— — Onpty, 160 
Bramble, ^ 

Branches, 68 

subterranean, 64 

Brassica, 760 
Brassicacem, 756 
Brayera, 806 
Bmihan arrow-root, 867 
Brazilian Elemi, 789 
Brazilian flora, 1017 
Brazilian nuts, 611 
Brazil-wood, 809 
Brmd-finut, 899 
Brexiacem, 767 
Britain, flora of, 1095 

tempexatmre of, 

1095 

British flor^ F(vbes% 
views of, 1090 
^tish plants, alpine, 

— distnbutka of, 1096 

Iociaitiuof,10e6 

zonud;10e8 

British Sea-weeds, 1065 
Brittlewort 949 
BrittlewortsTSo, 967 
Brocdi,760 
Brome]ia,097 
Brometiaoett, ^ 
Bromus, 949 
Broom, 801 ** 
Broom^rape, 805 
Brosimum, 699 
Broussenetia, 899 
Br«oe%790 
BnMii,865 


Maiwlta^799 
Biftdpdric^ 889 


Bami o udterry, 77$ BJadMany, 649 
Bi^dou O osidwi w y, » ^g ef^909 


Bttikvm-wood, 809 
Bulb,97 
BalMfrrioas,9B8 
BulhflsorBulbletdidOa 
Bullaoe,800 
Bull-rush, 944 
Bulrush order, 988 
Bunya-bunya, 906 
Buraouna, 899 ^ 

BuTd^ase ^ 

Barmamdaoem, 990 - 
Bnrumg-hush, 795 
Busstbpaim, 937 
Butdier^s Bixxmi, 980 
Bates, 801 
Butomaioe% 988 
Bnttereup ntmOy, 740 
Butterfly W6ed,^B58 ' 
Butter-nut, 904 
Butter-tree, 778 
Butterwort, 869 
Button-bush, 880 
Bums, 887 * 

Byisomma, 778 
Byttneriao^ 771 

Cabbage, 760 
Cabbage-palm, 986, 967 
Cabbage-tree, 801 
Cable-cane, 9M 
Cabombaoes^ 756 
Cacao, 779 
Caetacesa, 819 

region of, 1016 

Cactus, 819 
' Cactus-fonn, 994 
Ces8^a,809 
Ccesatpiniess, 601, 809 
Ctesalpinns, 714 
Cafflre-hr^, 919 
Cahinca-ioot, 880 
Cainozdo zoeks, 1048 
Ctdiput,810 
Calabar poison Bean, 801 
Calabuh Nutnu^ 751 

tree, 857 

CaladiunL 940 
Calamander wood, 849 
Celamites, 1055 
Ca]maui,,980 , 
Caloedsnai, region of, 
1017 

Calendar, floral, 586 
Galifondan flora, 1018 
Caliuya bark, 680 
Calla.940 
CaS&iohace«,888 
CaUitrii,908 
Ciilluna,d47 
CahmhyUum, 777 

(h»ouaee% $&5 
Calydflonu 794 
CMfuiflosai Brnwalit. 

CiESa, 9^849 


Bryonia, 614 
i BryopfayOnm, 4» Bit 


§5S2M? 

Cambiim eeUa, 86, 441 



iMtoRX. 


tm 


Onthr<(lHa«kn» 
« SMiitn, 

CMMra«A^809 
Cftnada BilMOn, 908 
CStiM^a Babamlbrmd- 
»ttM,l068 

Cnad* SaakMrofli, eei 


Chadldbfm, 806 
CBtieIlAoe«^ fBl 
CaiuukOM 
Gumlti»sieii, 870, 688 
GaimiMi, 890 
Ganiiaoeci, 98i 
OaiuuaOllil.1046 
OamumbAllotKee, 611 
Caootdiow^ 86, 864,886, 
808 

Ci^ Jafiii6Mt881 
Cf^ of Ofood Hope ton, 

Capers. 760 
Caper-finirge, 887 
Capitol Sw 
Capitnlum, IQ 
C^iparen, 760 
Cappandaoen, 760 ] 

Cappans, 760 
CspnfohMee, 898 
Capa.rusL868 
Capsiile, in I 

Carqjtue. 867 I 

Carapa, 781 | 

Carmp, 896 I 

Carbon m plants, 879 
Caibome aod exbalecl, 
464,467 

CarlxmiliQrofas penod, 
1046 

Cardamooia, 991 
Cardooa,6B8 
Car6iras,688 
Carex,944 
Caries, 815 
Ctoianba Paha, 086 
Caniatioii, 768 
Carob-tree, 809 
9ir<toaAl]ipiee.a07 
carpels or Onpi^ 989 
Car^weed tri^, 768 
Catena, 900 

Catpdogical tenoa, 978 


€114^111.888 
Canna, 896, 896 
Carutoilei^aoo 
Caija, 904 

gsw 

Mip4ittL797 


OlNria,80t 

tMik,878 

MbOT 

Castor 960 
CastaatoMb 8lt 

Gasiianiuiieen,601 
Oaf«armfr>toia, 994 
Cktedra or CMMh, 808 
Ca«ba,794 
Cat)caa,16» 
Cattfanaiidoo^ 887 
Candflx!^ aet 
Oaolifower, 760 
Oaiikil^iqrlhun, iS3 
Caaioptans, 1000 
Cayeaae^pSBper, 869 
CttUMthua/m 
CeeropbLoin 
Cedar of licilnaion, 908 
CedBr>woo^ 900 
— ofQmaiui, 799 
CedTelacesp,76i 
Cedron,M 
Cedra8,0b6 
Cd^uidine,767 
Ctiastrao^ 794 

reguw ot 1614 

Celastrns, 794 
Gelenr, 896 
Celia, 18 

Cdl develmment, 408 
Cell<divinon, 409, 655 
Cell, fanctioni of the, 
869,407 

Cell-miGlens,^ 406 
Cellular plants, 48 
Cellular ftsme, 18 
Canines, 959 

Celmia^ 88^ 
Celo^874 
Celtadeep, 808 
Centaury, 866 
Centranthus, 889 
Centres of vegetation 
987 

CentnfUgal axpanaum, 
166 

Centnpetal expanston, 
156 

Cephaelis, 880 
Cephalantlius, 880 
Cm^889 
Ceranuaeen, 966 
Qeraiui,88 
Cerasua, 806 
Ceratoi^809 
Cerat^hyUacesB, 888 
Cereal p]^, 9^ 

(k^xvnA, MO 
Cevaditta,^ 
Ceykm«iaoaa, 968 
Chabaneletii, 699 
^iainehaflen,881 
Clialaca,968 
Chalk Ihoiy 1661 
^ainaelanoiaeett,8U 


CholtoM^Sfl 
OkdidoaM, 787 
Ghsoto) •AiNlalMr, 

dSSftoU oTSy. 

Ctoisiatiycf vooiMM, 




€liive4wKfc,878 

bis-a? 

QomiSOl 

Ciub*Ma«i^86l,908 

x«alt,9i4 

CluiiaoetL 777 


OuMva^ser 


Ohaam ig iwiL 968 
^m?SSuiitii]|,414 

797 * ! 

Qutor ev Chasir, 960 ! 
Ctovieai 899 


Chian tarpentla% 797 
Chiea,99d 
Chiekareed tnto, 768 
Gbieory,888 
Chilum flora, 1018 
Chih-nettle.ett 
Chillies, 869 
Chunaphila, 847 
Chma-Toot, 016 
Clonese flora, 1014 

grass, 889 

Chiococca, 880 
Chirayta.85e 
Chmonun, 980 
Cbittah, 951 
Chive, 930 
ChIffinacesB, 778 
Chlonmthaoee, 894 
OhlorophyU^ 84 
ChloroBpermeee 967 
Chlonncylon, 789 
Choeho, 815 
Chocolate, 779 
Choke Cherry, 806 
Chondnu, 967 
Chorda, 1098 
Chonsu^ 771 
Chonsis, 189, 214 
Chroniule, 86 
Chrysobalanets, 805, 806 
Chr^pbaiuc a<ad 960 
ChrysipbyUnm, 849 
Churms, 890 
Ciehoraoese, 887, 888 
Cicuta, 898 
CihiL 418 
Cuudiona, 880 
CinchonacesB, 899 
Cmehonaa, region of, 
1017 

Cmencbyma, 80 
Cnmamomiun, 878 
Cmnmaon, 876 
CmouefoO, 809 
Circulate, 899 
Clrculatian of ths aip, 
607 

Cixrbi or TenditOs, 64 
Cissampeioa, 759 
Cisfus, 788 
CistaoesB, 769 
Cistai>rape, 905 
(ktron,zfo 
•—wood, 008 
0haniUus,814 
Ortms, 776 
CladonifL 900 
Cdasses oetoed, 719 
C lsiiifl c a toW ^ TOO 

■ysteaHof,714,796 

— general rsinailci 
on, 705 

(Sathrana, 1691 

qatimtt,988 

Cjaytonla,ai7 

OMDc^rat,888 

CleKrers,688 


Coal, bt«^ 1699 
— fl 6 Ws.lo «7 

fbnits^m n Jbfllitf* 

ent eouatrMs, lOlft 

Coca, 779 . 

CoocQk^876 ^ 
Coeenhia>788 
Coehineai Caetua, 891 
Ooehleana, 760 
(kHMosperuttin, 769 
CQdde,% 

C^kscomb, 879 
Cobln^ grass, 960 
Cocoa, 779 
Co«oa-phiin,809 
C^nut, 986, 999 
Cocoes, 940 
Cocos, 996 
Coddingion lens, 18 
Cohosh, 763 
Coflba,881 
Coffee, 881 

gs;x^ 

ColofaicMen, 960 
Cokhicam, 989 
Gdtea,857 

CdQeduig sad nremv- 
mg plwti, lOrl 
CoUoonia, 868 
CoUophOra, 8M 
0 (do«uiB ,940 

heat evolved by, 

698 ' 

Colocyntb, 814 
Oolo^ spM^ 1989 
Cokiqiuntula, 814 
Cokmrs, aorengement 

Ck))min,iiidii«reBil[ na- 
tural IMies, 548 
Colonn of flosM 587, 
099 

OolumelttareA, 84S 
CduttAtBOH 
Combretaeen, 808 
Commdynaeess, 988 
OompoiiU^^ 
Composttis. arberesesntt 
I region of, 10C8 
Comptoaan 896 
ConeeptaeiiM, 869 
Cone, ISO. 199,999 
ConftnraosnL 8il, 997 
OmfonbaT^ 
<M!^906 
OonilbronsHtosit 994 
Coninin,896 
Oor^ugatiqB, 850^09 
Cowaoen^m 


<iS9BBie,870 

T-Jiwiganiftlil 


C<Mlda,m ' 
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UTDtlX. 


sas&#*’ 

o<g««<w% iw 

OoMoii»a,SSi 

G$it. m 

OQ«idno,8sr 
•*—*-« nuts, 900 
Ooarallme zone, 1006 
Coit^onui, 772 
CordieceeB, 800 
(Xnriaiidnuai, 826 
Coiiam, 790 
Cock. 81 
Cork-oak, 901 
Cotk-wood,We8t Indian, 
761 

Ckidgr onvekq^ 61 
Conn, 06 
CarmogeBie, 964 
Cormwena or Cormo- 
jiliytea, OMil 
Gmtticese, 827 
ComeLSOT 
Gomeuan cherry, 628 
Corolla, 174, 201 

twnonoalitiea of, 

212 

CoroUiflane, 840 
CQr(dlifloral iExogene, 
anafyeia of, 871 
COTonma, 801 
Correa, 789 
Ccnicaii Moea, 968 
CorylaccMB, 899 
Corymb, 168 
Corymbifene, 887, 688 
Goaonium. 752 
Coamopobiaii planta, 

Coatiii,888 
Cotton, ^0 

graaa, 944 

Cotyledouoaa embryo, 


pianHde, 


ddef iKta regard- 
ing .666 

modeof pitaerviim, 
1080 

^ imtritire organa of, 
811 i 


— planta, 748 
Cotyledona, 608 
Comronpita, 811 
Covtarea, Wl 
Cow-bime, 826 
Cow-berry, 842 
Cowdie tJna, 909, 1021 
Cowitch, 802 
Cow-^t,658 
Gowallp, 870 ^ 
Gow-tree, 864, 892 
Cow-wheat, 866 
Orambe, 760 
Granbei^, 842 
Crane’s-m 788 
Gr^evpapesr, 892 
Granralaoe^ 817 
Gratmva, 761 
Cream-Mt, 864 
Greazote-plaiit, 786 
Grednerii^lOM 
Cremoearp, 282 
Creaoentiaoem, 867 
Creaa,780 
G^ithmiuB, ^ 
Crociia,924^ 

Oraw^atAmUy, 749 
Cbown Wpaebu, 980 
Crotailiaia, 801 
CrotoikSG^ 


of, 8 l 7, 820 
Cryptomeria, 909 
C^yatalline matter, 87 
Cmtahrarta, 959 
Cnheba ,895 
Ca<^niiichiilly, 768 
Cnekow-pinlOiO 
Cucnmber, 8 l 4 
Cucumia, 814 
Coourbitaceae, 813 
Cudbear, 960 
Culantra, 826 
Cnmai, 8 M 
Cuminum, 826 
Cummin, 826 
Cun(miacec», 823 
Cupenia, 780 
Cuphea, 807 
Cupreasinem, 908 
CiqiFeasitea, 1062 
Cupreitua, 909 
Ci^ula of Aoom, 149 
Cnpulifem, 899 
Cmaooa Qnmgea, 776 
Curcuma, 921 
Curranta, 783, 821 
CuBCttta<»sB, 869 
CUBBO, 8M 
Cuatard Apple, 751 
Cuticle, 41 
CycadaceiB, 911 

foaail, 1060 

Cycadoidea, 1061 
Cyclamen, 870 
Cycloptena, 1060 
Cycloaia, 428 
C^e, 167 
Cynanchum, 868 
Cynara, 888 

(^aroi^halm. 887, 888 
Cynomorfum, 906 
Cyperaoe», 948 
C^erua, 944 
Cypbia, 641 
Cypreaa, 909 
Cypresa-ninea, 908 
Cy^, 960 
Cypripedium, 920 
CyrUlaceaB, 776 
Cyrtandra, 867 
Cyatoadree, 1024 
Cytinaceaa, ^ 
C^tiau 8,801 
t^toUaiit, 408 
(^blaatema, 408 
Cytogeneaia, 408 
Cyttaria ,968 


D at iacaceie, 884 
Ilatnra,^ 

Daneaa ,826 

l)«vama,966 

Sawameae,8B0 

^[^ii^Bhade,a64 
BeaPongM,696 
Be Cand^ 726 
Be Canddlre Katimd 
^ratem, 788 

Becadnona Cypreaa, 910 ^ 
Definition, applied to the 
microsccme, 14 
Defoliation, 600, 984 
Delphmium, 749 
Denuenapeeiee, 1096 
Deodar, 906 

De-oxi^bahw ^foeeaa in 
phmtSjSro 

P^MTiption of planta, 712 
Desert region, flora of, 
1016 

Desmodium, 801 
Desmidieea, 967 
Desvaoxiaoem, 942 
Deutaia, 809 
Dextrm, 83 
Dhak-trce, 801 
Bhoona, 778 
Bialypetalte, 794 
Diamba, 890 
Dianthua, 768 
Diapensiaceae, 868 
Diaphragm or Stem, 14 
Diatonu^ece, 860 , 967 
Diatoms, for testa. 1074 
— — , mode of preparing, 
1084 

Dichlamydeona, 176 
DidUtnoua flowers, 217 
Diclytra, 758 
Dicotylraonea, 748 
DiM^ledtmoua mnbiyo, 

stem, 72 

— — trees, 996 
Dictamnus, 789 
Diotyogenee, 916 
DicypeUium, 876 
Didymocarpua, 867 
Bieffienbachia, 940 
Digger, 1076 ( 


Cradnm,798 

regfoa of, 1012 

OryptoponMa, 964 


DahUa. 889 

dSS^soi 

Dammara ,900 
Banfeaceas, 966 
Bandd^888 
Daphne, 881 

B^Jbcl^ on the Brhaah 
Ilnra, 108 a 
Bamel'isaaa, 948 
BaUi, 9 » 

Bate-palm,967 


Di|nblia, 880 
Dm, 826 
DineniaceeB, 7 ^ 
I>UleBk ,968 
Ihmon Pme, 911, 1021 
Bievcioua pltmta, 218 
Dion, 912 
Dioiuea, 764 
Dioacoreacete, 916 
Diosma, 789 
Dio 8 pyi ^,648 
Dij^anum, 966 
Dipleoohdi^ 760 
Diplopenatomi, 387 
Dipiacacea, 684 
IKpieracem, 778 
Dipterix, 802 
DipterooBipaeem, 778 
Diroa, 881 
Diaa ,020 
Bisdii ^,868 
DiaeaBes or]tota, 680 
— chief Acta regard- 
ing, 708 

canaed by inaecta, 

697 

r*— firom nozioua gases, 
696 

— rettatofer,6B7,702 


at 

Diiinrtliiiftftiii af pluidla, 

899 

Bfasadment. 249 

SiSSb^^plaBta^m 

... M ill, endemic, a 66 
— jieateaL 964 

DttwSw 

IH^ri ,802 
Dodder, 66, 869 
Dodder-Laurel, 978 
Dogbane, 868 
Dog merenry, 887 
Dogwood, 8 (n, 8 ^ 
Dokham, 951 
DdiclMiq w Br anm . 867 
Doom cr I)oim-Pah 8 ,* 90 , 
987 

Borema, 826 
Borsiferona ferna, 887 
Bmntenia, 892 
Double coco-nut, 987 
Dore*a Bnjm, 
Braeama,^ ^ 
Braooutium, 940 
Drag’s blood, 980 
Dragon-tree, 91, 999 
Braining, 621 
Dnmya, 750 
Broaeraceie, 768 
Dnipe ,884 
Drupuerm, 805 , 806 
Dryabalanopa, 778 
Dryudem, 8 U 6 
Dry-rot, 698 
Buck-weed order, 941 
Dudaim ,864 
Buguetia, 761 
I>a&e ,967 
Bumb-cane, 940 
Bunan, 771 
Dnno ,771 
Burra or BonnL 960 
D'Crvilhea, 9 M, 968 , 
1024 

Butch Ruahea, 967 
I>wale ,864 

Eagle-woo ^861 
Earoookle, 697 
Earth-nul^ 826 
EbenaeesB, 848 
Eboe-nut, 802 
Ebony, 848 
Eobauum, 614 
Echinocaotua, 881 
£ddoea ,940 

062 


£gOE,804 
Ehretiaoese, 861 
880 

Elmoeaxpna, 772 
ElaBodendron, 795 
£laia,861 

341 

Elatmaeece, 766 

Elder, 629 

Elecampane, 889 

Eleetridfyef<pluita,677 

Elemi,7«l9 

EleQhant-graaa,9B9 

Stapliaiit*a.fl«,87r 

£kmheiit*a4bet, 916 

£l^»ria,921 

£ha,8e8 

Elymua, 949 
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Ibpbryfdogyi faiiteaypt 
5SO 


c Aon. 1014 

BmpeiriotMB, 8B9 
EnottMotoi. 
liiidMniP plip^ 069 
Entlire^WS 
£ndUdb«r'« Natoral 8yi«i 
teiPt 784 
Sndogepie, Mtf 
DndoioBOtta item, 66 
radc^epi, 71 
Endi^faknuu, 62 
Endc^eiua, 208 
Eindcnrhisil, 52 
ilndoinumietor, 418 
Undcwmofte, 412 
Endoapoores, 816, 840 
Endothpuam, 228 
Eng^ih Mercury, 874 

£a!i^808 

Eocene iU»a, 1062 
Epocndecen, 848 

regwu of, 1019 

Epiconi, 848 
E^endniin, 019 
Epidermal appendagei, 

Epidermie, 41 
Epigynffi, 917 
Epigynoua, 226, 254 
Epilobiuin, 612 
^petalee^848 
Ipiphagns, 666 
Epiphkiam, 88 
Epiphytes, 52 
Epiphytic plnnts, 980 
Epirrheology, 080 
^ithelram, 41 
Equuetaoee, 880, 957 
EquiMtum, foBBil, 1064 
Eres or iSres, 008 


JCMa, 846 

Enoeacidoimeeie, 942 
Enodendrop, 771 
ErK^honun, 944 
Ervnm, 802 
Eryngium, 825 
Erytfarsea, 866 
Erytfarogep, 642 
Siyiilmimiun* 929 
Erythroonrlio^ 778 
EwaJlonuicei^iSte 

;700 

^ j^Atr-foordl, 
re|^ {lit 



EPOpynai^Tas 


Ev^lKniak 7|9 


.IpoM Seat, 


£ueMM»909 
Euterpe, v67 
Erepuig PrimvMe, 812 
Ereoisiim OiA:, 901 
EregoMiq; ioveri, 889 
Exfa alet fam hy leerei, 
459 

Exidia,968 
Exoge^74B 
Exogeomu hnndies, 85 
— liem, 72, 84 
Exogens, 71 

Exo^e of Caihomferoui 
epoch, 1066 
669 


Exosmoee, 412 
Exospores or Gynmo* 
spor«i, 816, 846 
Exostemma, 881 
Exotheemm, 228 
Eyebnght, 866 
Exrach,878 

Fabacess, 799 
Fagppymm, 876 
Fagua, 901 
la&ynnga 068 
ialldand Islanda, Flora 
of, 1018 

Falae Anguatura, 790, 
866 

— — Bitter-sweet, 704 

Calumba, 762, 866 

•— Jalap, 869 

Sago, 910 

— — SdmimoDy, 863 
Fannha, 887 
laacicle, 171 
lenncl, 826 
Fern-form, 096 
lema, 818, 821, 064 

of Carboniferooa 

epoch, 1048 
Feroma, 776 
Ferula, 826 

Fibro-raaculartaiue, 99, 
421 

FiooidesB, 618 
Ficua, 802 
Field-book, 1076 
Fig, 600 

Fig-Mangold, 818 
Figwort, W 
Fdamei^ 001, 987 
Filbert, Wl* 

Filicea,964 
Fihatea, 1064 
fir, 008 
Fire-tree, 808 
Fir-r^8*7 
Fitehea, 740 
Flalxdlana. 1066. 1068 
Flaeouztuuieai, 761 
Flaupel-60W6rv806 
Flat, 786 
Flax^<»ttoii, 766 
Hand Envehq^, 196 
— chief Me regard- 
ing, 914 

ftmetwM ei; 616, 
648 

Flond«,917 
Fkndesa,860 
FMipepdio, 864 


afl^i4ie|y<m 

— 

epening^ffllO 
tiemAiiiMnqM <if» 
188 

Fbirer-1md> 

I1ow«r-de*lM, 994 
Howenng^ 60^ 9^ 
K ow eri ag^fc ni, 966 
flM^mg pusta, 46, 

Fl^enag-nudb. 988 
FlowerieMi plsnts, 48, i 
964 

floweNStalk, 161 

in. pbmte, 868,! 


Follicle, 87t 
Foolli Paraley, 806 
Forbra' view of the Bri-j 
tiih Flora. 1080 
Fcutndden-fhiit, 776 
Foreeta, tiieir effect ott| 
climate, 460 
Forget-me-not, 860 
Foaail Botany, 1089 
Foaail leaves, Mull, 10641 
— - planta, Uat of, 1044 
Foaamlhrous rocka, 1048 
four-o'clook-plBUt, 874 
Fimglove, 66d 
lox-gnq^, 788 
Francoacese, 816 
Frankemacem, 798 
Frankinceuae, 7W, 608 
Frankinccnae-pue, W9 
1 raxinuB, 860 
ftazera, 856 
fVench b(mea, 790 
Irezitru, 774 
Ixmge-Myrtle, 811 


Fr<^bit, 917 
Frogamouth, 665 
mnd, 48, 822 
Fruit, 268 

maturation of, 608 

phyaidogy of, 602 

fruiting, 602, ^ 

chief faeta regard- 
ing, 610 

Fruita, chief facta re-! 
garding, 809 


076 

cultivatedt 661 

dehiacen<» of^ 271 

—mode of preaorving, 
1082 

Fucaceea, 853, 966 
Fncbaia, 812 
Fueoidem, 1024 
Fucua, 868 
FneguL flora of, 1018 
Fomanacem, 757 
rnxmtory, 757 
Fungi, 8^ 900 


foaail, 1062 

mode of drying, 

1081 

— on living animala, 
846 

FuuotthiS,888 
Fnngua mebtenaia, 905 
Fuaanua, 882 
Flistic,898 


M,8I6 

CMtoer^ pertihle 
woeoope, nTt 
04Me«nMi,898 
Miaifmiti»,649 
aadMia]n,82l 
flUbaamiL 802 

GaUioeia,a21 
6alip<e,78» 
Ga2Ii,7<n 
Oembeer^881 
777 


Qamcpetali&Si 
QtttgMne, 605 
G«;&ia,7Tr 


04r]ie,f 
Garko-pear, 761 
Gerryaeoaa, 904 
Qaaaa, thenr effiBcta on 
planta, 477 
Geudram, 96T 
Genunae^ 665, 667 
Gemmation, 410 
Gemmiparoua, 828 
Gen^Sai 
Oen&m, 656 
Gcntianacem, 855 
Gonna, defin^ 70fly 710 
Oeoffroya, 802 
OeoRraphical botany, 971 
Geology and Botany, 7 
— — and Bcnpluxe, 1067 
Gephen, 782 
Geraniacea^ ^ 
Genuamo flora of Bn- 
tau^l081 
Gcnmnation, 614 
—• aootyledouona, 684 
— * chemical oliangea 
during 681 
— T mcotyledoiioua, 
641 

— monocotyledownw, 
688 

Geaneracem 857 
Ghumbar, 868 
Gigartina, 966 
GiUicaiacem, 982 
Ginger, 921 

grata, 060 

Gmguee oil 85T 
Ginlb, Oil 
Ginaeng, 827 

Glohulanacem, 868 
Qlomerulua, 170 
Gloaaary, 1067 
Glumea, 147 
Gtonufene, 948 
OlycyxTbua.808 
Gme&866 
Gm^Oan 889 
Gnefoceas, 911 
Gost-bnsh. 790 
Gomar, 866 
Gombo, 770 
GonmiTO-fibre, 987 
Gomphia, 790 


Goocdberry^ttl 
Gooaetoot, 874 
dcNMe-arasa, 822 
GcphoMroM, 909 
Goisypium, 770 



IK08X. 


lAnHwaTMI. 

‘ssasic. 


of 

Qroiiuvf Plptradiiet, 981 
OvomineiB, 045 
Qraiid])iegii»<li^ 996 
GfanadflKStS 
€lTi]>eB^7w 


Wmi, ift frairiag p«if 
ofpiuiKera 
1^14^847 


GxMsei^ltll, 946 
Gnw-treet, 980 
Qruty^'fiMnDii 996 
Qrii))y^ wntabte iaiam*l 


Oreea Boy tree. 87B { 

Oreen-lboiarfe, 878 
ChrMiUL 700 

Q«ef»aMOh«iA«taiM,061 
§rewiiL 772 
GroMTilariawMft, 881 
Grcnmd-BVt, 801 
Gtiaco,884 
Goaiactuii, 788 
Gaano, 408 i 
Ooara^ 780 
GuBrea,781 
Gtiavo, 811 
Giiazama.778; 


Gtiettttdm 881 
GninuMivo, 770 
GuiiiMroM. 961 
Gulf-weed, 968. 1028 
Gum, 88 
Gwa-arabic, 808 
Goxn-drajrou, 808 
Ganjati, 890 
CKmaenL 887 
Gatto-pdblta. 86. 848 
Gattifewe, 777 
Gynmema. 853 
Gymaogenee. 906 ' 

Gymnoq»erau8, 006 
Qymnoipenairas. 858, 
896 

Gyiimospermi. reign 
1046^058 
GyipnoroaB. 896 
Qyneriam, WO 
Gynobauc. 854 
GyxuBcmm, 175, 889 
G^nac^bcnre, 177 
G^oitenittin, 267 
Oyi^n in oelJe, 414 
Gyiagcmitei, 1068 
Gyropboiiw 960 
GyrostemeaMeea, 876 

HMk.l)eBrki,898 
Hadai, Sit 
Hmnanthnt, 920 
Hnmatttylonr 808 
Hiemodoriiceie, 998 
Haixa,48 
Halei^84a 
Halonia. 1066 
HiMiyt«i,889 
HelwageaoeM, 8t9 
Hiwiwwitttoiieai. 894 
Htod^dmtirri 

Hve-lMMtl 
H«re*«4M4IWnf 9BI 
I{MdhM*890 
Ks«rtbM%0O7 
Hnu^tOO ^ 


llelNMdeaidnm, 777 
fiederaoefle, 896 
Hedaotmon, 868 
Heliamphara, 766 
HeliMitneuaa., 788 
HelianGiae, 889 
KeUdtryfoitt, 809 
Eelicteree.771 
Hehatnme. 861 
Hellebore, white, 988 
nellebomi, 749 
HelwingUeess. 887 
HemeroealliM. 989 
Henudesmas, 658 
Hemk»ok,896 
^ dropwort,886 
Hemp. 800 
Henbane, 864 
Henna, 806 

Henalo^e Tiewof nata- 
ral ayrtenia, 787 
Hepatfce. 888, 968 
Herbanam Oaaea. 1061 

tpeeiUMBB far, 

1075 

Henaapbrodite flowera, 
817 

Hermodaetyl,^ 
Heaperidium, 968 
Heterorhizal, 61 
Hibueui, 771 
Hiclcory, 904 
Hightea, 1069 


SyuMBaMiaOt f 

moBemMMtWi 
Hypen CTn ai B, 776 
Byphiane, m 
Hypoea^cpogeas titiilh, 


Huam,909 

Himalayan Bora, 1006, 
1014 

HippooaataneiB, 779 
Hjppocrateaeee, 778 
Hippomane, 887 
Hippopha^ 880 
Hipparu, 819 
Histology. 10 
Hobaim, 848 
Hog-gam, 797 

plum, 798 

Holly. 849 
HoUyhock, 770 
Homaiiacem, 869 
Honeysuckle, 899 
Hop, 890 
Hordeum,960 
Hombeam, 900 
Hornwort, 888 
Hofolodcal flowers, 531 
Horse-wostnut, 780 
Horse-radish, 700 
Horse-radish tree, 803 
Horsetails. 880, 957 
Hottentot's Fig, 810 
Hoasdee^Slf 
Bo7enia,796 
H07a,85S 
HsM-Kahtog, 869 
Hamiiiaee^TSl 
Hamnlns, 8W 


Hypogynbns, 916, 964 
Hjpo«tom1iieas,8l6 
HypoxidaeesB, 9M 
Hypstonetrioal isMa, 


Hyssop, 867 
— — (tf Scrq^tnre, 780 

IcadnaoesB. 775 
leeland-moss, 960 
Ice-plant, 818 
Icico, 799 
Ignatia, 856 
Ilicacea, 840 
Ulecebraceia, 817 
Hboiam, 751 
Impregnation. 503 

changes adbre and 

after, 591 

m Coniferas, 680 

— — in Ferns, 675 

m HepatiCfp, 679 

in lycopodium s,576 

— — in Mosses, 679 
— - in BhizocMupi^ 577 
Inarching 661 
Incense, 799 
Incomplete, 066 
India-rubber, 886 
Indian-creas, 786 

Fig, 891 

flora, 1014 

— - hemp, 800 

Oak, 868 

Sarsaparilla, 868 

shot, 929 

tobacco, 841 

Indigo, 602 
— ^of China, 760 
Indigqfera, 808 
Indusium, 827 
Inenchyma, 19 
Inflarescence, 144 
Innovations of Mosses, 
884 

Inorganic dements in 
plants, 888 I 

Instruments tor raamin- 
mg plants, 1071 
Int^uments, 41 
InterceUnUr spaces, 81 
Intemodes, 61 
Inula, 889 I 

Involucel, 101 
Involacre, 147 I 

Iodine in phmtf, 888,; 
394 

Ion, 708 
lonidiam, 768 
Ipada, 779 
Ipecacaaa, 880 
-^->^k,881 
— wMto, rnt 
Ipomma, 859 
Iriartoa, 985 
Indaeem,9i8 
bis. 984 
XtiA Moss, 987 
fasttaMtity,49» 
Iron-wood, 901 
XiwHi,780 
tBonaadiSLOlO 
tMther9MaBias,974 


Hn(mFtii«,Ml,1090 
Hara, 687 
Haak-tste, 808 
Hya^th,9f0 
Hyaline, 408 
Hyhrida,604 

i 

stTufangawwaii mw 
IS^finSSSSSSmfWl 
pte4%0l8: 
BydtophfGaems, 809 


diee?!&te,880l 
taek^lrait, 8M 

lamSeaf^^ilO, 

J^im%d«r,1W9 
Jf^Laoqoar.TSI 
Japanese flora, 1014 
Jars tor masenm, 1688 
Jasminaoem, 800 


Jatoorrhua, 76A 
Java, flora of. 1016 
Jernmlem Artieiiiflce, 889 
Jetoe flhre. 860 
Jew’B-ear, 968 
Jew’s Mato. 77S 
Job*a-toaar8, 950 
Jointed Fir, 911 
Juglandacese, 908 
Jtgttbe, 798 
Junoacee, 938 
Juncaglnacee, 908 
Jaimermannkoem, 868, 


Jnmpema, 909 
Jussieu, 796 

Jassiea’snatanil syitem, 
732 

Jato,779 

I Kaflcatia, 911 
Kakaterro, 911 
Kalamos.960 
Kalo, 1015 
Kammon, 886 
Kaaeh, 960 
Kaneh Bosem, WQ 
Kangaioo-applB, 888 
Karoom, 994 
Karpas, 770 
Kator^t,794 
Kaudi Fine, 1021 
Kaurie Fine, 900 
Kavic 805 
Kegllg, 849 
Keratun, 809 
Keraies Oak, 901 
Ketsach, 749 
Khardal,851 
Ki, 980, 1016 
Kidda]i,878 
Kidney-beana, 801 
JKikayon, 887 
yimnahimH Kimdtim.SOO 
Khmarnm^ 878 
Kino, SOS 

Knight’s eapcnfan di ti en 
germinaHon, 845 
vtoirs a* to Mta. 
066 

Knorria, 1056 
Knotwort, 817 
Ko^er or OephME^ 008 
KoodOa, 856. 
ICoosht,888 
K(nMso,806 
Kiameriacsait 185 
lbittan,9e0 
Kiokba,09i 

Kimmialh^ ) 

KvamUai^im 

BhiiiiflBwCikfliSx ' 
Kateera,^ 
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LiSiiKicaft I 

lAto»ni 

UnMUk-gm, 951 
IiMiiVt4stt»o^6M 

UaauuKm 

iMBUinCUl tIMM, 1M6 

I«nee-wo94 Ml 
Iiaagtat or iMUMh, 791 
Laauni&,781 
Lanacena, 017 
Li^ooe 
liftTdtMrtwJlIOWtt, 750 
Larkipnr, 748 
Lanx.000 
Lanea, 768 
Iiaatrea, 0SO 
Latex, 80 
Lathrea, 864 
Lathynu, 801 
Latirifeioiu veaiala, 80, 
491 

Latia<^t<e, 270 
Lauracea, 877 
Laoral-fonv^ 

LayanduU, 667 
Lavatera, 771 
Lavender, 667 
Layer, 967 
Lavaonia, 806 
Layermg, 668 
Leadwort, 870 
Leaf, aa the floral type, 
179 

M of, 600 

Leaflesa plaata, 116 
Leaf-s^ 104,181 
Leather*wood, 881 
Leaves 96 

abaoiption liy 461 

adheaioni^of, 140 

anatomy of, 104 

coloFation of, 486 

oomnonnd, 116, 196 

— — eonlo(rmatio(aef,116 
exhalation hr, ^ 

fhnctiona 461, 

604 

— - inflnenee on ••a[a> 
tkina,474 

imtaUa,469 

annpla, 116. 116,199 

traBstoiBi^Mwi of^ 
189 

variefaiiaii 461 

LebonahTm 
Leoanoxa, 960 
Leeidaa,900 
LeOTthidaoem, 811 


lefBwe, 876 
Legnnunoam, 709 
LTOaowa, 841 

LenonMia^MO 


Le|itoipQmaB» 816 
Laptoy mnm . 810 
LeM^OOM^ 
Letteavvood, 898 
Lettuce, 888 
Lencadendroa, 888 
Leiieopogoa, 846 
Levutte^, M6 
LeiHaia.ei9 
Ime-mna, 996 
Luanc flora, 1069 
Libanoa,^ 
LOn^HflOO 
IibnehTiM8.|88 
Lichen-dyea, 860 
Lichenea or Liehraa, 841, 
969 

Lidten^form, 996 
Liohen]n,38 
Li^780 * 

Lieherkuhn, 17 
Lie.tea,774 
lagttin, 81 

Light, aa affecting exha* 
h^.469 
>— > effeota of, 976 

effect! on reapira* 

tion, 471 

Liahtning, earning in-i 
Jury to planta, 686 
Iin-aloea, 881 
Lignite, 1051 
Li^iflorsa, 887 
LiIiaceoua>ll(nin, 096 
Libum, 980 
my of the Talley, 999 
lame-fhut 776 
Lime in planta, 887 
lame-tree, 779 
laninanthaoem 786 
Lunnochans, 938 
Linacen, 784 
Linden, 779 

Lmdley’a Natural 8ya- 
tern, 786 
Ling, 818 
Linuma, 829 
Iiinngan ^tem, 716 
Idnnmua, 716 
Iinon 784 
Linseed, 786 
Idppia, m 
laqmdambar, 8M 
laqitcmoe, 868 
Lmodendron, 761 
latmna. 960 
Littoral sone, 1086 
Iiyerwatta.888.968 
Luaxdatui. 8U 
Loaaaeee, SIS 
Lobehacoia, 841 
LoeahtieB of ^16.978 
LoeulamBiita or Laenh, 
946 

LocoaUreaJOt, 806 
Lodoicea,^ 
LogantaceiO, 884 
LogwooiLflDI 
Lefiaa^ 

Lmeniam, f}7 
Lonolu^tagriay 1066 
LoogaSiTSO 
La6rpi8t«r,6li 


Loye.liM^Qfladiiig.874 

lAfli,816 

Imnuiiocity of plmta, 
674 

Lammona flowcM, 676 
Foam, 674 

simTffM 

Lnrp, 810 
Los. 806 

Lychiuq[>horaJ189 
Lydum of DMoeorldea, 
768 

Lycf^emoon, 869 
Lycopode poafler, 881 
LyoopodiacLia, 881, 966 
Lycopodites, 1086 


Marino TOgfMlotl, 1089 
Mari0lMn«867_ 


Lyecmiu, 867 
Lydl on coal ^aata, 
1067 

Lythraeem, 807 

Mace, 870. 

Madura, 898 
Macome andMakxah, 890 
Macroovstis. 1024 
Macrophthanua, 898 
Macroniper, 695 
Madder, 889 
Madeira, flora ct, 1012 
Mdgnolm, 751 
Magnohaceie, 760 
Maguohasr region of, 


Maguey, 926 
Mahogany, 769 
Mahonia, 768 
Mabona, 849 
Mai or Matai Pine, 911, 
1021 

Maiden-hair, 965 
Malacca-canea, 986 
Molachadenia, 019 
Malache, 770 
Malachra, 771 
Malay Bioe-paper, 8S9 
Maleaherbiacen, $16 
MaUow, 771 
Malpighta,778 
Malpigbiac^ 778 

Mahracen, 768 
Malvaceons-fonn, 998 
Hammea, 777 
Maxnmee,777 
Manchini^887 
Mandragora, 864 
Mandrake^ 
Mangifera, 797 
Mango, 797 
Mangoateen, 777 
Mangrove, 808 
Manieana, 987 


Manilla Hemp, 989 
Manioc, 887 
Manita^T?! 

Manna, 766, 810, 908 
Mauka-Ari|,Mt 
Mamute, 968 
Manway 401 
Uwai«»88e 


Marmalade, 8M 
Manideaua, 858 
UarshMailoir, 770 

Martagmi^lytOSO 
llartma <m iha Britiah 
floi«,1084 
Mari^8l7 
Marvell Fern. 874 
Maet{oh,797 


Maimtui.987 
Man. 809 
MaximiUana. 987 
MayaSi^m 
Mi^-aj^e, '749 
M'Coih’ii news of ttm 
tmn. 113 

Meadow Saffron, 988 
Meadow-eweeL $07 
Medicine and mm, 8 
Meditenaa«an1Bh^12 

Sea-weeda, 1094 

Medlar, 807 
MedoU^ raye, 81 
—— sheath, 76 
Melaleuca. 810 
Melambo- bark, 789 
MelanorrhoM, 707 
Melanospen mem. 966 
Mdanthaome, 030 
Melastoma-form, 906 
Melastomacese, 806 
Mdaatomaa, reglctt of, 
1017 

Melegueta Fepper, 991 
Mihacess, 781 < 1 ^ 

Mehanthtts, 786 
Melloca, 875 
Melocactus, 821 
Melon, 814 
Mdon*caettts, 89 
Mcsnecylon, 808 
Meniap^aceiB, 761 
Menupermum, 769 
Heavanihes. 866 
Merduu, 869 
Mercunalis, 86? 
Mcrencbyxna, 21 
Mertetts&TMO 
Mesembryantibemaoem, 
818 

MoiembiyantlieiinMni, 
region of; 1019 
Meaophloma, 68 
Mesua,776 
HetrondeMi, 8M 
Metioxyi^987 
Mexican Alpna flnia, 
1005 

MaxteanStam-TflO 

IhkSbWr 

Hexlc4» flora «i;t0lt 
M«ceMi»i,86t 

MiSNiMtlltrif 
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[nmiay.irbeit, 6SS 


iK^794 
lCUl0t,9Al 
Ifimosa, 80d 
Mimota^fonii, 994 
MimouflB, 801»808 
BfimtOMiSee 
MimittKm, 849 


Miocene flora, 1063 
OTlfaira pine, 911, 

. Muaeto, 66, 698 
Mook-Om|e, 809 
Mo-^ or Mokyi, 068 
Mounnro, effect (ff, 976 
MollttgiuM, 768 
Momarfli(», 814 I 

Monkey-bread, 771 | 

Monkey-flower, 8W 
Monkey ‘graas, 967 I 

Monkey-p^ 81 ^ ! 

Monkera drinlnig-cap, 
611 ! 

Honkabood, 74& 
MonkVrhi^b, 876 
Mommiacen, 880 
MonodiiaxnydeaB, 878, 
918 » 

Monockiamydeons, 176 
MonocotylMbnei, 916 
Monocotyledonoua, 72 
Monocc^lodononi em- 
bryo, 807 

Monocotyledonoua atem, 
86 

Monocotyledons ana- 
lysed, wl 
Monodora, 761 
Mfmaeaona plants, 217 
Monopetalce, 828 
Monotropacem, 847 
Monstera, 040 
Moonaeed, 761 
Moeae-wood, 881 
Mor,79e 
Mora. 803 
MorweUa,968 
Morem, 801 
Morel, 063 

Moreton-Bay nine, 908 
Moriagaeen, 808 
Morison, 716 
McKrohology of the flower, 

Moms, 893 
Moachatell, 887 
Mosses, 384, 967 

region (ff; 1011 

Moss-loRiL 996 


Mnaei.&957 
Sttsenm, spedmeo* lu, 
1062 

Hnsbroom, 968 
Mushroom order, 848, 
960 

Mustard, 760 
Mustard-tree of Scrip- 
ture, 862 

Myoefltun, 66, 813, 344 
Mylitta,964 
Myoponu»ff, 888 
Myosotis, 800 
Myrieaoem, 895 
bracaria, 768 
Myristicace« 879 
Myrobaian, 806 
Myrospermum, 802 
Myrrh, 799 
Myrsinaotiffi, 849 
Myrtacem, 809 
Myrtle, 810 
Myrtle-form, 005 
Mystrapetalinee, 905 i 
MyatropetalTun, 906 
Myrodendron, 828 

Naasxu or J^aatznts, 
796 

Kabee, 749 

Nachet*s Microscopes, 
1078 

Naiadacem, 941 
Narcissus, 928 
Nardostai^B, 882 
Nartliex.826 
Nastortiunv 760, 786 
Natal, flora of, 1019 
Natire species, 1026 
Natri, ^1 

Natum Hutory, study < 
of, 1 

Natural orders, 747 
Natural Sysldn. 727 
Navicula, 966, m 
Neb-neb, 808 
Nectandra, 878 


Mountain i4h, 607 
Mountata-mev, 908 
Mountedttntobaoeo, 688 
Menxiiia,809 
HoQfon,749 
Moremeats in tiants, 
418, 42B, 49i^ 

Mucima, 802 
Mtieiia, 106 

Midben7,898 
M^crjr^^eea of Betip- 


Neem-tree, 781 
Ndumbhu^, 756 
Nepenthaceffi, 884 
Nephelium, 780 

Nerinm, 864 
Neroh-oil, 776 
Nettle, 889 
Nettle-tree, 898 
Nenradefa, 806 
Neurwtetii, 1049 
New Tersey Tea, 796 
New Zeal^ Flax, 980 
New ZeSa^ flora. 1091 
New Zealasid Sninage, 
819 

Nieote&864 

NigeOi^lfl 

Night-ftiwadiig plants, 


Nightshade, 862 
Ni&QDia, 1089 
Nipa,9a8 

NSSsiteOOflfl - 
NiMaT^S 
Nitrogen Inplniita, >76 
NtfattaanoUe iiiattfira. 84 
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NoaLlOU 

N^iu'^nt, 881 
NoKfottUMid Pine, 909, 

1020 # - 
^North Aaaertoau flan, 

1018 

Noaolag;^vq;etable, 680 

N^^^lxesa, 769 
Nuclei, 84 
Nucleus, 267 
Nuelens of the seed, 800 
Nucules, 290 
Number of known plants, 

996 

Nup'har,765 
N^ 288 
Nutmeg-tree, 879 
Nutritiou, m 
Nutritive organs, 48 
of flowerlMs plants, 

Nnx vomica, 866 
Nuytsia, ^ 

Nyctagiioaeem, 878 
Nyotanthes, 860 
Nymphffiac^ 768 

Oak, 901 

African. 887 

Oats, 960 

OberaBuser*s micro- 
scopes, 1072 ‘ 

ObiectJve, 14 
Ocnnaccw, 789 
Oehro or Qian, 770 
Ochroma, 771 
Ocular, 14 
Odontopteris, 1049 
Odours of flowers, 646 , 

Qfinanthe, 826 
CEnothera, 812 < 

Oily matters 86 
Olacacese, 774 
Oldenlandia, 851 
OldfleldiaTsST 
Oleaceea, 860 
Oleander, 864 
Oleaster, 880 
Olibanum, 799 
OUv^ 861 
Omphalea, 887 
Omphalobium, 799 
Onagracem, 812 
Onndium, 919 
Onion, 980 
Onygmia, 962 
Oobnc flora, 1008 
Opphoridium, 832 
Ppereulnm, 830 
Ophiocaryon, 780 
C^hioglossaceaB, 966 
Cmium Poppy, 767 
Opoidia, W 
C^ponax, 826 
C^untia, 821 
Oiaoh, 874 

OrchSa^wned, 900 
Orcbidaeem, 918 
Oreiudeouaform, 994 
OrQhil,960 
Orchis, 920 

Orders in diffscent oonn- 
trie8,996 

Orders or fomSies de- 
fliied.m 

Orah and OnhittL 898 


85B?'** 


OrobanchieM%8l4 
Otrobasufluk 66 

Orrii^rodt, 994 
Oriho^>ee%.76|9 
Orysa, 761 

Osmimdaoeis,95& 
Ostkya,901 
Otahi^ Salop, 927 
Ounxl poison, 666 
Onrirandra, 1m 
Ovary, 241 
Ovule, 257 
Oxalidacem, 786 
Oi^a,782 
Qxlip,870 
Qxyooeeni, 842 
Oxygen in plants, 378 

— given off by leaves, 
46C471 

Oyster-Bay pine, 906 
C^ster'plan^ 8^ 

Paddle-wood, 85 
Peeouia, 749 
Paira,892 
Pa-kwo, 911 
Pakyoth, 814 
Pid^hytology, facts o(, 

PalsBontological Botany, 
1039 . 

PalflBosoic roda,^f048 
Pohumii. 795 
Palma Christl, 687 
Palmaeites, 1061 
Palmf&984 
Palm-fonn, 998 
Palm-oil, 987 
Palm-wine, 987 
Palms, region oi; 1017 
Palm-stems, 87, 489 
Palmyraj^, 986 
Polo de Bubo, 857 
Palo de vaca, 899 
Pampas-grass, 950 
Pans^ flora of, 1016 
Panax,827 
Pandanacete, 988 
Pangiaeese, 816 
PanTcum, 961 
Pansy, 762 
Papaver, 767 
Papoveraceaeu 766 
Fapaw-tree, 816 

j^^^f^Wants, 1077 
1081 

PapiUonacesa, 801 
Papyrus, 944 
P^wignayTea,849 
Para nuts, 811 
Parasites, 66 

— causing diseases, 
696^ 

Faieira-braira, 702 - 
Paris, 017- 
PaBttboii,771 
Pamelia,960 
ParoDjehiaeaBt, 817 

PamnMdA. 838 
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1*tem*40««r, 814 
IWumnlSN 

PtROUmo, 784 
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Peecui*Aut, 004 
PeooptffiriB, 1048 
Pectus tieia, 88 
Pectme,8(iir 
Pedaliam 867 
PedieeLtfiO 
Fedonc^ 181 
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nyUm»,U9 
rbjtoM0$, 818,419 
Piumlw,987 
Pidiunm*lkeaB>r 879 
Picotee,788 
Pu;r8aia,790 
Picraiiii% 790 
Pig*aM,^ 
Pinwort,884 
toento, 810 
Funpemei, 870 
Pimpmella, 8M 
Pmaoeae, 908 
Pme-gnple, 997 
Pme-wool, 909 
Pmey reim, 778 
Pmgucnla, 869 


Puik*root, 885 
Fmkotnb^ 768 
Pinas, 909 

Piper eethionieov, 7S1 
Piperacese, 894 
— region of, 1016 
Pipewort, 949 
Pipi,809 
Pippnl-tree, 898 
Piratmera, 899 
Pucidu, 801 
Fishtail 784 
Pusadendron, 1056 
Pistachio nnu, 797 
Pistacia, 797 
Putiaceea, 941 
Pistil, 17, 57, 359, 262 


PeganoA, 789 Pine-apple, 997 

pSea, 7 b 1 Pine-wool, 9W 

Pc-la, 798 Pmey reim, 778 

Pelagic, 1093 Pm^cula, 869 Polyporus, 

PS^nm, 784 PAt, 1056. 1062, 1066 Pome 990 

PeUiiory, 997 Pmk-root, 868 

— — of Si^ 8S8 Fmk-tnh^ 768 

Penteaeee, 880 Pinas, 909 

Penang Lawyers, 986 Piper eethionieom, 751 
Pencil-Cedar. 909 Piperacese, 894 

PenicUUuia, 962 —— region of, 1016 

Penny-royal, 868 Pipewort, 949 

Pentadad^V^ 809 

Pentadcsma, 778 Pippnl-tree, 898 

Pepo, 288 Piratmera, 899 

Pepper, 894 Piscidia, 801 

Pep^b^ 686 Fishtah 784 

Peppermint, 668 Pusadendron, 1056 

Pepprrwor^, 3SA, 966 Pistachio nnu, 797 
Fercniuai, 68 Pistacia, 797 

Percskia, 891 Putiaceea, 941 

PeriaBth, 174 Pistil, 17, 57, 259, 262 

Pexiearp, 269 changes in it hefor 

Penchetial leaves, 884 impregnation, 666 

Perigone, 174 884 iransformations oi 

Pengynous, 226 267 

Fermb^ 868 Futilhdia, 81 8, 886, 8S9 

Peri^m, 800 FiU llax, 926 

Perutome, 887 Pitcher plants, 141, 884 

Penwmkle, 864 Pith, 76 

Permian 6/^ 1068 foncUons of, 440 

Pemamhuco wood, 809 Fittosporacce, 787 
Fer8eE^ 879 Pitas, 1066 

Persimmon 849 Placenta, 247 

Peruvian Wmter-cherry, Placentatioo, 248 
862 Plane-tree, 779, 902 

Petalmdcm, 917 PlantagmaGee, 871 

Petals, 201 Pl(Uita&r922 

Petiol^ 104, 181 Plantfdn-fmm 993 

modifications of, 184 Plant-bfe. 869 

Petivemoesa, 876 Platanaces3,901 

Fesuoe, 1066, 1062 Plectoconua, 987 

Phsmogamoas or niane- Pleorenchyma, 92 
rogamovs, 48 Fleonsy rool^ 858 

Phsenogamoaa or Phanc- Plearocarpoos, 884 
roganmoa planta, 148, Pleororhuem, 769 
746 PlermuigitUL 966, 968 

Fhalaxu, 951 Phoceiie 1064 

Phalhif, 969, 968 Plom. 806 

Fharhitei. 869 nomhagmacess, 870 

PhOadetpnaeess, 809 Plnm^«ntmeg, 879 
PhUesiaoeffi, 917 PlOBuenailM 

P!fa(U^ on coal planta, Poaya, 768 
low Pocaii.878 

PluMbMcsB, 989 Podocaipi^ 911 
Phlox. 867 Pod£ 9 h;^hitm, 740 

Ffacn^987 PodKiQUiiiieea, 694 

PhonxuiMaL 980 POaMteoMn* 868 

noiiidMtQslnplaati,a77 


PodoctemoBieMa, 694 
POg08teBMn,868 
Potneuttk 808 
PoHoalUl^m 
Ivy, 797 
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PQUni,m 
« — dIadiaiM e(^ 867 

qaaBti^of,561 

&he,^6e6 

PoUima, 288 
Polooereos. 821 
PolyootyledOMna eso> 
bryo, 808 
PolygiiaeeiB, 784 
P^yguutma phmta, 218 
Polygonaoem, 876 
Polyueaian flora, 1015 
Polypetales, 794 
Pol^etaloos CoroUi' 
fibre, 878 
PolypooucesB, 956 
Polyporus, 968 


Pomeeo, 806, 807 
Pomegranate, 287. 811 
Fompelmooae, 778 
PondLUy, 766 
Pondwe^, 942 
PontedenaciSQ, 982 
Poplar, 808 


Poppy, 766 
Populna, 698 
pOTewoirt, 766 
Porphyra, 968 
Portland Dirt-bed, 1060 
PortiandSago, 940 
PortoKal Larntl, 806 
Fortoiacaceiie, 816 
Potamogetonaceao, 941 
Potato, 8e2» 


changes in It before Pokntilla 806 

impregnation, 566 Fotcntilhdm, 805 

— — vansformations of, Pothos form, 994 

267 Hr»floratiou, 191 

Futilhdia, 818, 886, 8S9 Prsatoliation 108 

Pita llax, 926 Prangoa, 825 

Pitcher plants, 141, 884 Prason, 030 

Pith, 76 Press for plants, 1( 

functions of, 440 Pnckly Ash, 780 

PittosporacuB, 787 Pnde of India, 781 


Pitas, 1056 
Placenta, 247 


PlantagumGee, 871 
Plantam, 922 


Fhalaxu, 961 
PJluaiii|,962,96S 
Fharhitei, 869 


PhyllMm 


Press for plants, 1078 
Pnckly Ash, 789 
Pnde of Inm, 781 
Prunardul ntncMr408 
Primrose 870 
Pnmulacece, 860 
Princes Feather, 874 
Pnnos, 840 

Pro embryo, 818, 8292882 
Pitdiferous plants, 142, 
666 

Propagation by bods and 
sBps. 656, fli68 
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ENCYCLOPiEDIA BRITANNICA, 

EIGHTH EDITION, GREATLY IMPROVED, AND 
BROUGHT DOWN TO THE PRESENT TIME. 

Edited by Thomas Stewakt Tkaill, M.D., F.R.R.E., &c., 
Professor of Medical Jurisprudence in the University of 
Edinburgh. Assisted by numerous Contributors, whose 
Initials are affixed to their respective Articles. Illustrated 
with numerous Engravings on Wood and Steel. 

PROSPECTUS. 

In every country where Science and Literature have been 
long and successfully cultivated, and books extensively multi- 
plied, attempts more or less skilful have been made to reduce 
the mass of information to a compendious and regulated form, 
and to furnish a icady access to its varied details by means of 
Encyclopaedias. 

Of the importance and advantages of such publications, 
there can scarcely be two opinions. Executed on a plan 
sufficiently comprehensive, they ought to embrace all the 
departments of human learning, rendering the Alphabet 
a ready key, not only to the Arts and Sciences, but to the 
multiplied details of History, Biography, Geography, and 
Miscellaneous Literature. • 

A work thus constructed is not only valuable to the 
Scholar and the man of Science as a Dictionary of Universal 
Reference, but the subjects being treated in a form consis- 
tent with Systematic Exposition, as well as with Alpha- 
betical Arrangement, the book becomes an inestimable 
treasure to those who, although they cannot afford leisure for 
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very laborious research or profound investigation, are yet 
desirous to possess that general information on all subjects 
which constitutes an intelligent and well-informed man. 

The Seventh Edition, which was completed in 1842, 
embodied whatever remained valuable in'the previous editions 
and in the Supplements, and was further enhanced in value by 
the addition of some of the most celebrated disquisitions which 
have adorned the literature of the nineteenth century. The 
publication of Seven Editions with successive improvements, 
and the Sale of 35,000 copies, not during an excitement 
raised by a factitious reputation, but during a succession of 
years, in which the work was tested and approved by the most 
accomplished and scientific scholars, remains an irrefragable 
proof of its unquestionable merit, and have given it so decided 
a preference in public favour, that its popularity, instead of 
sufiering diminution from rivalship, has steadily continued to 
increase, and never stood higher than at the present time. 

It has been the leading object of its conductors to combine 
abstract with practical, and solid with pleasing information, in 
such proportions as would be most useful and most acceptable 
to the public, to deliver the truths of Science iii the most 
"accurate and intelligible form, and, at the same time, to pay 
due attention to those branches of knowledge, which,’ though 
not admitting of a scientific shape, are yet deservedly popular, 
and have a powerful influence on the taste, habits, and charac- 
ter of the individual, — in a word, to render tlie Work at once 
a Dictionary of Scilnch, a Copious Abstract of Literature 
and Philosophy, and a Book of Universal Reference. 

Arrangements are accordingly made to secure the co- 
operation of the most eminent living Authors, who have 
coniributed treatises in the various departments of Science, 
Literature, the Arts, Manufactures, Commerce, Statistics, 
and General Knowledge, to supersede those now ren- 



ENCYCLOPXPrA BRTTATfJflCA — COnttnwd, d 

dered obsolete by the progress of discovery, improvements 
in the Arts, or the general advancement of society* The great- 
•est attention will also be paid to the minor Articles, that 
completeness and accuracy of detail may be secured through- 
out the entire Work. 

In giving effect to the extensive plan of reconstruction 
thus adopted, due consideration will, at the same time, be given 
to the great and permanent value of many of those Articles 
and Treatises vrith which the former Editions were enriched. 
The possession of these invaluable contributions forms, indeed, 
a cliaracteristic feature of the Work, and gives it a decided 
pre-eminence over every other publication of its class. 

To the Gentleman and the Merchant, to the Agriculturist 
and the Manufacturer, to the Clergyman and the Layman, to 
the Student of Science or Philosophy and the Cultivator of 
Literature or the Fine Arts, the Encyclopedia Britannica will 
prove an acquisition of the highest value, llie great scope of 
its information also recommends it to Emigrants and other 
persons resident in quarters where access to books is difficult, 
or wliose fortunes do not permit them tlie enjoyment of exten- 
sive libraries. 

To all such the Publishers confidently recommend the 
Encyclopaedia Britannica, as a Work deserving of their 
confidence and support, and w^orthy of the National Name. 

LIST OF SOME OF THE CONTJIIIJUTORS TO THE EIGHTH EDITION. 

Right lion. THOMAS BAIHNGTON MACAULAY, M P. 

RICHARD WHATELY, D.D , Archbishop of Dublin. 

R. DICKSON HAMPDEN, D D,, Bishop of Hereford. 

WILLI VM WHEWELL, D.D., Professor of Moral Philosophy, Trinity 
College, Cambridge. 

Sir WILLIAM HAMILTON, Bart., Professor of Logic in the University 
of Edinbmgh. 

HENRY ROGERS, Esq , Professor, Spring Hill College, Birmingham. 
JAMES MONTGOMERY, Esq 
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ENCTCLOPiEDIA BBITANNICA — COTltmUCd. 


Sir ARCHIBALD ALISON,Bart., Author of the History of Europe, &c. &c. 

Baron JUSTUS VON LIEBIG, 

J, R. MCCULLOCH, Esq., Member of the Institute of France, Author 
of Commercial Dictionary, &c. &c. 

JAilES D. FORBES, F.R.S.E., &c, &c., Professor of Natural Phi- 
losophy Edinburgh University. 

EDWARD THORNTON, Esq., Statistical Department, East India 
House, Author of Gazetteer of Scinde. 

JOHN STUART BLACKIE, Professor of Greek, Edinburgh University. 

Dr. LEONHARD SCHMITZ, F.R.S.E., Rector, High School, Edinburgh, 
Author of History of Rome. 

JOHN HUTTON BALFOUR, M.D., Regius Professor of Botany, Edin- 
})urgh University, 

WILLIAM 0 REGORY, Prof, of Chemistry in the University of Edinburgh. 

WILLIAM SPALDING, Professor of Rhetoric, St. Andreis ’s University, 

AUGUSTUS PKTERMANN, Esq., Physical Geographer to the Queen. 

JOHN WILSON, Esq., Farmer, Eddington Mains, Berwickshire, Author 
of various papers on Agriculture read before the Highland and Agri- 
cultural Society. 

THOMAS ANDERSON, M.D., Prof, of Chemistry, Glasgow, and Lecturer 
on Agricultural Chemistry to the Highland and Agricultural Society. 

JOHN HILL BURTON, Esq., Advocate, Author of the History of Scot- 
« land from the Revolution, &c. 

Rev. WILLIAM LINDSAY ALEXANDER, D.D., Author of Connection 
and Harmony of Old and New Testaments, &c. &c. 

GEORGE FARQUIIAR GRAHAM, Esq., Author of various Works on 
Music. 

GEORGE FERGUSON, LL.D., Professor of Humanity, King’s College, 
Aberdeen, 

CHARLES MACLAREN, Esq., F.R.S.E., Author of Topography of the 
Plain of Troy, Geology of Fife and the Lothians, &c. &c. 

WILLIAM HOSKING, Esq., F.S.A., Professor of Architecture and Arts 
of Construction, King’s College, London. 

Rev. ROBERT MAIN, M.A., F.R.A.S., First Assistant, Royal Observa- 
tory, Greenwich, 

Lieut.-Col. PORTLOCK, R.M.A., Woolwich. 

Rev. WM. SOORESBY, Author of Account of the Arctic Regions, &c. &c. 

J. H. STOCQUELER, Esq., Author ot British Officer, Military Ency- 
clopeodia, &c. &c. 

JONATHAN AYLEN, Esq., Master Attendant H.M. Dockyard, Sheerness. 

JAMES WILSON, Esq., F.R.S.E,, Author of various works on Natural 
History, 

DAVID CRAIQIE, M.D., F.R.S.E., Editor of the Edinburgh Medical 
and Surgical Journal. 

Hon. LORD COCKBURN, Author of Life of Lord Jeffrey. 

ROBERT MUSHET, Esq., of the Royal Mint. 



CATALOGUE OF WORKS 


BY 

ADAM AND CHARLES BLACK. 


ALEXANDER— Christ and Christianity. A Vindication of tlie 

Troth of the Chfistian CTouiidedon the lIistorRal Verity of the Life 

of Christ By Kev AVilliam LintTMav Ahxitidcr, DD, ^LUthor of the 
Connexion and llarmony of tlu Old and New le^taments, &(J &g 

In the Ptess» 

BALFOUR— Clas^-Book of Botany. Being an Introduction to 
tin htudj of tin ^e^"etahle Kinj^dom By J II Balfour, MD, FRSL, 
Iveijter ot the Itojul Botanic Girdtii, Professor oi Medicine and Botany 
111 tho IJiiiversit} of Ldiuburf,di, Ac 

Pakt I Structural and Morjiholopcal Botany, >Mth upwards of One Thou- 
sand Illustrations 8vo, lOs 6 1 cloth 

Oip of the beat l>o U to pine iii Un hauds ut a BtiiUtnt”— of Natmral 
Ilnloty 

‘ One of Ibe most eoinplclc and (l(,3r\ut ilass bo Vr on RAany whuh Ims bun pub. 
Iisbol It cuuluiis all tb it h student iiiiy ri quite both iii drsciiptiun and illustratiou 
luiuH 

BALP'OUR — CUss-Bodk of Botany. Concluding Pait. Com- 

priHiiif; th< J l< nn iits of V ( tahh Plivandup , ( lassifn ation, Botanical Geo- 
f^rapln and lossil H«>tain, with a Glossarvof Wrms BvJ H Balfour, MD, 
I Its L, Uc^yius Ktcpei of tin Uo^al Botanu Garden Professor of Medicine 
and Boianv in tin rniversitv of Edinburgh, &c i&e With numerous Illustra- 
tions 8 to , 10 s bd cloth In the Press 

BALLIN(tALL — M ilitary Surgery. By Professor Sir George 
Balhugall New Lditioii (the 4t)i), with numerous Illustrations. 8vo, 14s. 
doth 

Ihc Vuthor b IS roll (ted and irran^td the uholeof the established faeti, he has added 
the riBult of his own exp it nn nml txt tut(d u S)8tein of M litary anil Naval Surgery of 
incstimuhli value to tltosc eitgagul iii the ptactice of thil bianchof the Inaiiug ait” — 
lond Med and Suit} Journal 

BERRIDGE — The Christian Woild Unmasked. A new Edition, 

Ijdited, and with a Life ot the Author, hv the Hev Dr Guthne, Minister of 
Fnv St John\ I linburgh l2mo doth, 28 bd , gilt edges, ds , sewed, 2». 

Tins M a btiULiful u{rjfit o( a highly istecmed work well north) of the handsome 
dress m wliicli It iDM upfis and ot Uu apnropnatf intioduition whuh Or Giithrio has 
giicB to It ills brief nniiunr ol John Hemdge bnngsrut tlie ptcniiaritieeand cxceilcncici 
of tbe gjodxnarof Iveitoii lit a manner which sli ws liow wdl lit cr uid appri ci itt hiS 
chaiHrtrr rawnot but tanrv Dr (» himself i m iti of kindred genius must enter with 
pernlmr relish into the ongiiial and sinking but oltcn odd uid grotesque modes oftliought 
in which his author indulged At any r ite he has done ample Justice to him, and has well 
fulhtled Ins task m his roudenstd nn inoir of Mr Hem Jge Ihis txxtdloiit volojuc has our 
heartv rtcommtndaiion ’ ^tonyregaUonal Maj nine ISW 
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CATALOGUE OP WORKS 


BLACK’S ATLASES AND GLOBES. 

LAST EDITIONS, WITH ALL THE LATEST DISCOVERIES. 

GENERAL ATLAS OF THE WORLD, 1858 .— Containing 

Seventy-one Mips, engraved on Steel, in the first style of the Art, by Sidney 
Haix, Hugiifs, and others ; ■with Introductorj’^ Chajiters on the Geographv and 
Statistics of the different Countries in the World, and an Index of all the Names 
occurring in the several Maps, amounting to above 60,000, -with their Latitude 
and Longitude, and the number of the Map in which they will be found. Wew 
Edition^ containing all the latest discoveries in Australia, California, Africa, and 
Captain Inglefield’s in the Arctic liegion<4, with numerous improvements and 
additions. Strongly and elegantlv half-bound in -morocco, with gilt leaves. 
Price £2 : IBs. 

This Work is published on the plan of small impressions, and frequent new 
and corrected issues. The Publishers are thus enabled to Uke advantage of 
every discovery as it appears, and to offer the public an Atlas that can be relied 
upon for accuracy, beauty, and comprehensiveness. 

SCHOOL ATLAS — New Edition. With the principal Maps re- 
quired for Instruction in Physical, Ancient, and Sciipturc Geography. A Series 
of Thirty-seven Maps, by V(^. Hughes, F.R.G.S., late Professor of Geography 
in the College for CivirEngineers, Sidney Halt., and John Partholomew ; 
with an Index of Names, exhibiting the Latitude and Longitude of places, and 
reference to the Maps. Royal 4to or 8vo, half-bound, 10s. fid. 

The beat Atlas of Modern Geographv that has yet fallen m our way ; it iB at once a 
duty and a pleasure to iccommend it ''—En/fltah Journal of Edncatiou. 

ATLAS OF AUSTRALIA. — A Series of Maps from the best 

and moat recent Authorities, with all the Gold Districts particularly marked, and 
every Topographical Information. Quarto, cloth, price Ss. 

BEGINNERS’ ATLAS — A Series of Twenty-seven Coloured 
Maps of the Principal Countries in the World. In oblong 12mo, price 2s. fid. 
cloth; 2s. in paper cover.' 

COUNTY ATLAS OF SCOTLAND.— Containing Maps of all 

the Counties, in their Parochial and District Divisions, with the Railways, places 
of Historical and Legendar}’^ Note, Memoranda of Battles and former Bounda- 
ries ; a General Map of Scotland ; and a Senes of Eight Historical Maps, ex- 
hibiting the Geography of the Country from the Ist to the 19th century. To 
which are added, Descrijitions of Scotland and each of the separate Maps, and a 
complete Index to all the Parishes, showing respectively their Population, tlie 
County, Presbytery, and Synod in which each is situat^, and the Post-Town. 
Quarto, coloured, 218. cloth. 

TERRESTRIAL GLOBES, Constructed aitd Engraved from the 

latest and best Authorities. Containing all the Recent Geograiihical Discoveries, 
and Mounted on the most approved principle. 

1. Eighteen-ineli diameter Globe, mounted on high Mahogany Stand, 

with Compass, . . . . . £7 7 0 

Do. do. do. on low do. no Compass, 6 6 0 

Do. do. do. ou low black do. no Compass, 4 14 C 

11. Twelve-inch diameter Globe, mounted on high Mahogany Stand, 

with Compass, . . . . . ^ 3 3 0 , 

Do. do. do. on low, black do. no Compass, 2 0 0 * 

III. Six-inch diameter Globe, mounted on black stand, do., no Compass, 0 18 0 
Do. do. do. on Rosewood Stand, with Semi-meridian, 0 9 9 

IV. Three-inch diameter Globe, mounted on Rosewood Stand, with Semi- 

meridian, . . . . . 0 4 0 

CELESTIAL GLOBES, Compiled from the Works of Wollaston, 

Hamsted, De La Gaille, Havelius, Mayer, Bradley, Herschel, Maskelyne, the 
Transactions of the Astronomical Society, ^c. 

I. Eighteen-inch diameter Globe, mounted on high Mahogany Stand, 

with CoinpMS, . . , £7 7 8 

If Twel\ e-inch diameter Globe, do. do do. 3 3 0 
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BLACK'S PICTURESQUE TCURiSTS' fiUlDES. 


nr PORTABLK YOlURRS, ILIUSTRATBD BY MAPS, CHARTS, AND NUMKBOCS 
ENGRAYINQS . 


” Tkete mrh are aU that could ht dmred Coptouf m all hnds tf wformahoHir elegant in style^ 
nwet heautifNll^ xlluetrated and fumtnhet anth erceUent maps they form just the right sort of com 
j^nions for the road li e commend them therefore to the patronage of tourist ana traveller and 
hope that they vill soon entirely supersele those oldtr guides vkick were too ojten a mere com- 
pound of taut and quotation - Wiinjsh StpUmbtr 17 1863 

rke fruits Houki of tft t puhliihert hare alnady cimmenh I themsehes surcei^utty to the 
travellei by their accuracy lomprehcHsireness and judicious arrangement* — AtlaS) Augttft 1863 


ENGLAND AND WAIVES.— TliirQ Edition. Corrected and Im- 

proAtfl Ontaming a Ooiural Travdlini^ Map, with tho Roads and Railways 
difltuictly laid down, btsidi s Sections of the more important Districts on an en- 
larged stall, and Lnt,iiucJ Charts of Roads, Raihoads, and lutcrcstine: Locali- 
ties 10b Oil cloth ^ 

* Y cartfully executed w oik prettily illustrated, with useful Maps -Athena urn 

SCOTLAND. — Tenth Edition. Containing an accurate Tiavel- 
Imp: Map, Sixteen i iiffraxid (harts of Roads, Railroads, and Interesting Lo- 
calities (including PIhiib of hdinhurgh and Glasgow), numerous views of the 
Scenery on Wood and feted , and a copious Itinorar} 8s bd cloth 


SCOTJjAND— E conomical Toniist of. Containing an Accurate 

Travelling Map and Itimiarv with Descri| tivc Notices of all the rcmaikahle 
objects along the stveril r<m Is and 1 ngraved ( harts of those Localities which 
posRt^a pec uhor Histone il or Picturesque interest feev enth Edition In a neat 
pocket volume, >s bd , bound 


A work most tirefuliv and ddioratc^ly compiled rontainine the 
am ui»t ot uiformati m ui th bid dlcHt poosible spuct, — Scotsman 


Kieutest possible 


TROSACIIS-“Loch Catnne, Loch Lomond, and Central Tourin^ 
pistiict of Scotland \\ ith nunicroub Illustr itions by liirket 1 ostcr, Ss Cheap 
Edition, without Jlluitrations, Js * 

1 Ins IS uol only n pruidi to tbt Irosacha of <^cmtt s ‘ Lady of tho Lake * but to all the 
intcrestiiij: spots lu tiu vicinity and on llic road to them lu Liimiiicr with Stuhiie It is a 
good piudc to wn iiiimstmfi country full citni iiid precise in its airec-tious anef capitally 
lUuslran d y ith spnited cuts I he letterpress morerver, is a model for the manner mwhich 
It d( lU with ant ertott s ftd 1 istonc al lat ts or huboc lations 1 hi re is c uouirh done to excite 
ht reader siiitcrcst bvinforiumir his mind aartgmlsp st cvints but sloppmff short of ovei 
doiuff Ihc style in aluih tlu illuHtrative m liter is told is iii sh and bpinVd tliat of a man 
S"/IlJy‘5r^sr,r^ mtuu'ilch knows not what hr has read up for the occasion **—f^ec 

volumt, from sketches laken on the spot 

last sumrnerbv Mr Hiikit Foster the abit illubtrator of Loivfcllow’s Poe»« I/vverton 
other works, are pertict little atms ot wikkI enfcraviiijc It is oultc evide iit that the McHuti 
Bjae k have spired iiLithe r laboui nor expense to produce a perltr t cuidrfor iJic toiinst and 
ulueUfchill It 11 < sime time bcno aa a roemrnal ot the localities ol Ims lamed and n» st 
frequi nic i p iri of Seolland Its literary merits hre ol a very hif,h oreJt r, Ihe de bcnntioiia 

travelling infonn iti n laudably minuuf^ nJ 
pedesti lan s ould v ciiture on the tour without it and those ‘ w)io iide on Jjmsi back or in 

volume their constant 

HIGHLANDS AND ISLANDS OF SCOTLAND.— By Mesws 

Anderson of Inverness, Third Edihon Including Orkney and Zetland . iC 
scriptive of their Scent rv, Statistics Antiquities, and Natural History with 
numerous Historical and Traditional Notices , Map, Tables of Distances, Notices 
Inrmra^^Os*' Tonnsts. Bj George and Peter^Anderson of 
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CATALOGUE OP WORKS 


BLACK’S GUIDE-BOOKS-con^wwed 

ENGLISH LAKES. — Including an Essay on the Geology of the 

District, Phillips, F.R.S.G.L., Professor of Geology in Kin A College, 

London. Witlra minutely accurate l^p, by W. Hooches ^ l2!harts or the Lakes, 
by Sidney Hall ; Views of the Scenery by various distinguished Artists ; and an 
ample Itinerary of all the Routes, with the distances accurately laid^own. Fifth 
Edition, greatly enlarged and improved. In a neat pocket volume, 6&. cloth* 
Cheap Edition, Is. 

‘‘ This Guide to the I4i1crs has been compiled upon the same elaborate plan (ai the 
Picturesque Tourist of Scotland), governed oy the same resolution to spare no cost or 
trouble to adiieve a successful lesuU. It needs no higher commendation. It is a Pictur- 
esque Guide in every sense— its descnptions are charmingly written— its intelhgeuce » 
ample and minute — and its illustrations are admirable specimens of art.” — Atlas, 

WALES, NORTH AND SOUTH, AND MONMOUTHSHIRE. 

Containing minutely Engraved Travelling Maps, Charts of the Railways, a 
Chart of the Coursd of the River Wye, numerous Views of the Scenery engraved 
on Wood and Steel, and a copious Itinerai^. In a neat pocket volume, 5s. 
cloth. 

“ A ven clear and complete Guide to the beauties and interesting objects of the Prin- 
cipality. With this volume in bis hand, the traieller may thread Wales in all directions; 
learning what to see, and how to see \t'*—SpeHator. 

EDINBURGH — with a ^Description of the Environs. Illustrated 

with a Plan of the City ; a Map of the Country Ten Miles round ; and Twelve 
Views of the Public Ruildings and of the Neighbouring Scenery. Eighth 
Edition, enlarged and improved. In a neat pocket volume, 2s. Gd. Cheap Edi- 
tion, Is. 

“ Tins hitle book should be in the hands of every stranger who desires to be familiar 
with all that is remark iblc m the Antiquities, Institutions, and Public Buildings of Ldm- 
burgh.”— fi'cofrwiaa. 

GLASGOW, THE WEST COAST, AND LAND OF BURNS. 

Including Falls of Clyde, Bute, Arrau, Staffa, Iona, &c. 2s. 6d. cloth. 

MOFFAT AND VICINITY.— Including the Grey Mare’s Tail, 
Ixich Skene, St. Mary’s Loch, &c. &c., and Umts to Anglers in the Rivers, 
Streams, and I/ichs in the Neighbourhood. Is. 

THE TOURISTS’ MEMORIAL OF SCOTLAND— A Series 

of TJwenty Views, of Picturesque Scenery and Celebrated J^tocalities. 5s. Cloth. 

This Series of Views presents delineations of some of tlie noblest prospects 
in Scotland, by many of her most aoromplished Artists. Among the subjects 
repiesented may be mentioned, EiiiNRURGn, Perth, Diinkeld, Roslin 
Chapel, and the Castles of Taymouth, Stirling, and Craiomillar. 

The List of Artists includes the names of LF.ITCU, HORATIO MCCUL- 
LOCH, D. O. HILL, MONTAGUE STANLEY, the REV. JOHN THOM- 
SON, and others not less distinguished in their several s^les and departments. 

The Engravings are executed in the highest style ot which the art is capable. 
W. Millfr, Branpard, Willmork, Forrest, Cousen, and Bentley, are 
among the Engravers on Steel ; while Jackson, Landells, John Thompson, 
S. Williams, an4 Brans ton, have executed the Views on Wood. The price, 
is unusually moderate, even at a rime remarkable for the variety of cheap publi- 
cations ; ^d the portability of its form recommends the work in a particular 
manner' to the attention of the passing traveller. 

CELTIC ILLUSTRATIONS — Two Lithographic Prints repre- 
senting Full Length Figures of a Highland Chief— Clan Macdonell, and a High- 
land Piper— Clan Gregarach. From Painrings by R. R. M^Ian, Esq. l^ce 
Ss. 6d. each, elaborately coloured. 

These drawings have been executed with strict regard to fidelity of Costume, 
and furnish very accurate and spirited representations of the Celtic Character 
and Garb 
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BLAOK’8 TRAVELLING MAPS. 

Carefully constructed from the Best Authorities. Coloured— lined with Cloth, and 
bound in portable Cases for the Pocket 

Enfflandmd 32 inches hj 22^. 48. 6d. — Smaller size, 2s. Cd, 

Scotland. 32 inches by 22^. 48. Od. — Smaller size, 2b. 6d. 

Ireland, 20 inches by 144. 2s. 6d. 

County Maps of Scotland. 1 s. each. 

English Lake District of Cumberland^ Westmoi'dand., <5*c. 19 inches 

by 14. 28. 6d. 

Wales— North and South. Compiled from the Maps of the Ord- 

nance Survey. 14 inches by llj. Each Is. fid. 

The Tourist's and Sportsman's Companion to the Counties of Scotland. 
A Series of 3fi Maps, with all the Roads, Railroads, Villages, Country Seats, 
Fishing Streams, Rivers and liSkes, Places of Historical and Legendary Note, 
Memoranda of Battles, Heights of Mountains, tho District and Parish Divisions, 
Earldoms and Lordships, Strongly bound in laiatlier. Price IQs. fid. 

Continent of Europe. 17 inches by 24. 4s. 6d. 

TiuJm. Including tlie Tunjaub, Cabool, Soindc, Tibet, Ceylon, 

Singapore, &c. 23 inches by 17^. fls. 


CHEAP EDITIONS ON PAPER, DNCOLOVBED. 

Mand, Is. Wales, Is. Lake District, 


England, Is. Ecntland, Is, 
8d. Control Scotland, 8d. 


nicu^'s Iron ITujhwags, or lland-Majis of the Principal Raawaus in 
Englaiui and Scotland. With the Connecting Lines of eacli, and Adjacent 
C.)unti7. Engraved on Steel, in the niiiiutCHt style of aw'uracy, with all the 
fo^^iis, Villages, Country Seats, Rivers, Streams, Lakes, Mountolns. Canals. 
&c., from the most recent authorities.— One Penny each. ^ 


-I/)ndon to Bath, Bristol, Exeter, and Plymouth. 

-Undon to Chohham Camp, Southampton, and tho Isle of 


1. Gk^.AT W r.8TEUX- 

2. SoUrif-WlfiM’KRN- 

Wight. 

^ Potteries, Liverpool, Manchester, Preston, and 

4. JUncakikh and Carmslk, KrcNriAn Junction, and Lake District 
6. CALBOOMAN-Clasgow and Edinburgh to Carlisle, &c 

6. (riiKATNoKmKiiN -London to York, HuII,&c. 

7. Midland— York to Birmingham and Rugby, Ac. Ac. 

8. lORK, NeWCASTI it, AND BERWICK. 

9. Nourii UiuTisH- Edinburgh to norwick-on-Tweed, &c. 


Complete, Botma in Cloth, with De»criptionB, Is. Cd. each. 
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CATALOGUK OF WORKS 


BOW. — ^Treatise on Bracing, with its application to Bridges and 
other Structures of Wood or Iron, with numerous Plates. By Robert Henry 
Bow, Civil Engineer. Royal 8vo, 8s. 6d. cloth. 

BREWSTER — A Treatise on Magnetism. By Sir David Brewster, 
LL.D., F.R.S., Corresponding Meml)erof the Royal Institute of France, &c. 
^c. Illustrated by upwards of 100 Engravings on Wood, and a Chart of Mag- 
netic Curves. Post 8vo, Ss. cloth. 

BROWN — Views of Canada and the Colonists. Embracing the 
experience of an eight years* residence ; views of the present State, Progress, 
and Prosf)ect8 of the Colony ; with detailed and practical information for intend- 
ing Emigrants. By James B. Brown. Second Edition, fep. 8vo, 4a. Gd, cloth. 

BRYCE — Elements of Algebra. By James Bryoe, M.A., F.G.S., 
one of the Maaters of the High School, Glasgow. Second Edition,’ 12mo, 48. 6d. 
bound. 

BUCITANAN — A Comprehensive Atlas of Modern Geography. 

roiisiating of Thirty Maps, correctly engraved from new Drawings, containing 
the latest Discoverfes, and embodying in eacli Map a great variety of Statistical 
and other details. By Hohert Buchanan, Teacher of Mathematics, Geograpln^, 
&e, (Quarto, coloured, 18s. Imund. 

CAIRO — The Poor Law Mann.al for Scotland. A new Edition, 

the Sixth of, by Alexander M‘Noel Caird, Esq 7s. 6d. cloth. To this Edition 
more than ISO pagcs of new matter have been added. The “ SurpLKMKNT** has 
been incorporated ; the “ PuiNyiPLEs” (as well as the rest of the Contents) have 
been earcfidly revised, and upwards of Fifty Decisions, pronounced in the Court 
of Session and the .Iiustieiary and Sheriff Courts, since the issue of the fffth 
edition, have now been reported. 

The former Edition was thus noticed. 

“It is referred toby all the Jiidfues m the Supreme and Inferior Courts of Scotland, ns 
an excellent authority on questions roiinectcd with the Scottisli Poor Laws. We hair 
dciived much benefit from it in its former editions; and we aihise all those who liave to do 
with the udmimstration of the Poor IJa^B m Scotland to pro>idc ihcnisdves with a copy.” — 
Scoitish Foot Law Jourual 

CARSON — Exercises in Attic Greek, for the Use of Schools and 
Colleges. By A. R. Carson, LL.D., F.R.S.E., &c., and late Rector of the High 
School of Edinburgh. 12mo, 4a. bound. 

CARSON — Pheedn Fahiilap, Augu.sti Liberti Fabularura Aesopi- 

anim, quas oculis pueronim subjici fas est, libras quinque, cum indeee verborum 
phrasiuniqiie difliciliorum AngJice redditorum. Edidit A. R. Carson, LL.D., 
late Rector of the High School, Edinburgh. Editio Sexta. 18mo, 2s. bound. 

CIIRISTISON’R DISPENSATORY ; A Commentaiy on the 

Pharmacopoeias of Great Britain, comprising the Natural TTi.story, Description, 
Chemistry, Phaniiacj\ Actions, Uses, and Doses of the Articles of the Materia 
Mcdica. By Robert Christison, M.D., Professor of Materia Medica in the Uni- 
versity of Edinburgh, New and improved Edition, with a Supplement, con- 
taining the most important New Remedies which have come into general use 
since tlie publication of the last Edinburgh Pharmacopoeia in 1841. 8vo, 208. 
cloth. 

“ Wc camcBtly rccommeml Dr. rhristiBOii’fl Dispeiisatory to all our readers, as an in- 
disponsablo ronipanion, not in the Siudy only, but iu the ‘ Surgery’ also. — JliriL and For. 
Mrd. Review, 

CHRISTISON — A Treatise on Poisons. In relation to Medical 
Jurisprudence, Physiology, and the Practice of Physic. Bv Robert Christison, 
M.D., Professor of Materia Medica in the University of Ildiiiburgh, &e. &c. 
Fourth Edition, enlarged, corrected, and improved. 8vo, lOs. cloth. 
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CHRISTISON— A Treatise on Granular Degeneration of tho 
Kiiiuey^i, and its contiecdun with Dropsy, Inflammation, and other Diseases. By 
Kobert Cbristison, M.D., Professor oi Dlateria Medica in tho University of £din> 
burjfh. 8vo, 8s. cloth. 

“Tlicillu«tniti\e cases, thirtv<otie in nutubci, are narrated with Dr Chustison’s usual 
rlcarness, and, like the nut of the work, iiic )ii|;)iiy instructive. We strongly recomiiiciid 
this book to our icadeis.*'— //oaffon Medical Gaseiti. 


CLEUK—Navnl 'Factics. A Systematical and Historical Essay in 
Four Parts, Ity John Clerk, E8(|. of Eldin, F.U.S.E., &c. Third Edition, 
yi itii Notes by Lord Kodiiey, on iutrouucUou by a Naval Ofliecr, and explana- 
tory Plates. 8vo, 2o8, cloth. 


COCK HU RN — Life of Lord Jeffrey. By Lord Cockburn, one of 

the Judges of the Court of SeMsion. Second Edition. 2 vols. 8vo, 268. cloth. 

** Our eAiKctutioiJS o>\ takin' up these % ulumes were \ciy high, and they have not been 
disuppuiiiiLd The book ( oiitoius a \<iiicty of c\rpUeiit matter, and the letters of Lord 
Jettrn^ aill htigliteu the respect that attuf lies to his name “ ~Athru<rum. 

' Taken ultogetlur, this is u most pleasing and satislactory book ” — Ar/imiMw. 

“One ot the letters we would tarn giM cntin, us not only one of the best in the volume, 
hilt one ot the happiest pictes ol i pistolai) w i iting in the language ’ - liteiary Gazette. 


COOl LR — A Dictionary of Practical Surgery. Comprehending 

all the most intercstnivc iui|itovemeut') from the earliest tiincb down to the iire- 
aent [lerioil ; an iK<*(Mint of the tustnmu nts and Remedies employed in Surigery : 
the etymology mid signitication of the principal Tenns, and numerous references 
to aiieieiit and moilern works fonnhig a t ntulogue of Surgical Literal lire, ar- 
iiuiged ateording to sul)j(‘cts. Tlu* Seventh Edition, revised, eorrected, and 
enlarged. Bv S.uniu I (\.<»pcr, S( nior Surgeon to the Univeisity College Hospi- 
iJil, Loinloii, 1 rofe^sor of Surgm in tho same College, Suigeon to the ()uecn*s 
Bene h, Ate. &e. &e. «v o, aOs. i loth. 


CKAKjIL Llcniciit.s of (Icneral and Pjithological Anatomy. 
I rest u ting a view ot tlu* piesent slate of know ledge in these Branehesot Seieiue. 
Jly DuMd tiaigie, M.I)„ F.RS.E, &c. &c. Tho Seeoml Edition, enlarged, 
revised, and im pi o\ ed. 8\ o, 2 Is. t loth. ’ 


OltAJOlI’j Ijlpiiiciiis of llio enicticc oi Phvhic, View 

»r|I.c I'atl.oloKv aiul Ity Duvtd Cmi«i.-. 

I'^a" '*■ I'llVMcilUIB, lidiriburirli, rtlv- 

uf thL. Polal MV l’"Md<'iit and Kxtmnrdiaary Member 

of the l»oy al Medical ho( lety, &e. Au &e. 2 \ols. 8vo, 21s. i loth. ^ 






Lancet. 


CKLU/E— Shipbuilding, lleing a Treati-so on the Tlioory tmd 
Practice of ISaval Architecture. Itv Augustine K IS. Cicu/e, Member of the 
^ietv'^Md President of the Portsmmitl. Phleophical 

gSi'.t'sysr/.' 2ri-s-:."i;5'xs 
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CATALOGUE OP WORKS 


DAVIDSON— A Treatise on Biblical Criticism. Exhibiting a 

Systematic View of that Science. By Samuel Davidsooi D.D.y Author of 
** Ecdesiastical Politv of the Nevr Testament,** 8vo ; Introduction to the New 
TeBtomen^** 8 vols. Svo ; ** Sacred Hermeneutics Deveioped and Applied,** Svo, 
&C. 2 Yols. Svo, 28s. cloth. 

Any one desirous of becoming acqu»intedjfith the history of the text of our Siaipturei 
with the present state of Scripture criticism, ana the diflicultles that lie ui tlie way of rectify- 
ing mistakes that hare crept into the text~4n short, with what criticism is, what it has done, 
what it expects yet to do, and the materials with winch it has to work->to any one desirous 
of knowing these tlungs, and what student of the Bible is not desirous of knowing something 
of them P JDr. Davidson’s Treatise on Biblical Critidsm is just the work we would recom- 
mend. It 18 truly a systematic view of the science. One feature of the work, particularly 
valuable to youug students, we roust not omit to point out, namely, the mention of tliose 
departmenta where careful research may be expected to be productive of important results. 
Dr. Davidson has omitted no opportunity of helping those who may be honourably ambi- 
tious of adding something to tiic accumulation of facts on which" is based the science of 
Biblical Critimsm. We have much pleasure in commending these volumes to the notice of 
those for whose benefit they are intended, and in expressing the hope that the author may 
be spared to do much more in this lus favourite department. —fTifficsr. 

“Tlio student may thus the more appreciate tlie laliours of Dr. Davidson in these 
volumes, which are a highly important contribution to tlie study of Biblical Criticism, 
containing, as they do, a careful statement of facts and results, such as is not to be found 
on the suijject elsewhere m the English language.”— March 1858. 

“Dr. Davidson’s work contains a great muss of highly valuable information, collected 
and condensed witli the care which marks the wltule work. But we have said enough to 
Hcconiplish our object, which is nut to give an epitome of tliesu volumes, hut to do our best 
to recommend tliem to our readers.”— /oortiaf ^ JSacred Literature^ April 1868. 

DICK— Tlie Nature and Office of the State. By Andrew Coventry 

Dick. 8vo, price 78. Cd. boards. 


DICKSON— The Breeding and Economy of Live Stock. Being 
the reaulta of Forty years* Practical Experience in the Management and Dis- 
posal of Cattle, llorses, Sheep, and Pigs. By James Dickson. 12mo, 38. 6d. 
boards. 


DONALDSON — Modern Greek Grammar, for the Use of Clas- 
sical Students ; with a Sketch of Modem Greek Literature. By James Donald- 
son, M.A., Greek Tutor to the University of Edinburgh. 12mo, 2s. cloth, 

EDINBURGH MEDICAL AND SURGICAL JOURNAL. 

Exhibiting a concise View of the latest and most important Discoveries in 
Medhdne, Surgery, and Pharmacy. Publishing in Quarterly Numbers, 4s. Gd* 
sewed. 


EDINBURGH NEW PHILOSOPHICAL JOURNAL. Exhibit- 
ing a View of the Progressive Discoveries aud improvements in the Sciences and 
the Arts. Conducted by Professor Jameson, Publishing in Quarterly Numbers, 
78. 6d. 

The Edinburgh New Philosophical Journal is now the only Journal of 
Science published out of London, Its plan embraces all the subjects regarded as 
most iuiporiaiit by those engaged in scientific pursuits ; and for the benefit of 
the gentiral reader, the iiiforiiiation is conveyed in a form as popular as the na- 
ture of the subjects will admit of. The numbers will bo found to contain many 
important articles illustrating the progress of discovery in Natural Philosophy, 
Geology, Chemistry, Natural History, Coniiiarative Anatomy, Practical Me- 
chanics, Geography, Navigation, Statistics, Antiquities, and the Fine and Useful 
Arts; together with many interesting Biographies of Individuals omiueut in 
the history of Science. 

%* A complete Set from No. 1 to No. 107, ^10. 


EDINBURGH PHARMACOP(EIA OF THE ROYAL COL- 

LEGE OF PHYSICIANS. Socoii 1 Edition. iHmo, Ss. cl(»th. 



1'UBUSIIF.D BY A1>AH AMD CUAEI^ES BLACK. 


IS 


ENCYCLOPAEDIA BRITANNICA. Eighth Edition. Edited 

by Thomas Stewart Traill, B1.D., F.R.S.E., Professor of Mo(Hcal Jori^pnidence 
in the University of Kdinbargh, assisted by numerous Contributors, whose Ini- 
tials are affixed to their respective Coutributions. Mow publishing in Monthly 
Parts, price 8s., and Quarterly Volumes, price 24a. 

FLEMING — Molluscous Anfcnals— Including Shell-Fish. Con- 
taining an Exposition of their Structure, Systematic Afrangement, Physical 
Distribution, and Dietetical Uses, with a reference to the Extinct Baces. By 
John Fleming, D.D., F.B.S.E., M.W.S., Professor of Matural Science in the 
New College, Edinburgh, &c. &c. &c. With Eighteen IMutca, Post 8vo, 6d. 
cloth. 


P OllBES— Travels through the Alps of Savoy, and other Parts of 
the Pennine Chain, with Observations on the Phenomena of Glaciers. By James 
D. Foibes, F.R.S., Sec. U.S.E., Coricsponding Member of the Royal Institute 
of France, Professor of Natiual Philosophy in tlu* Univec-ity of Edinburgh, &v. 
&c. A New Edition, Kev iscd and Enlarged. Illustrated by a largo Map of the 
Mcr de Glace of Chamouni, Lithographod Views and Plans, and Engratinga 
on Wood. Imperial 8vo, 28s., or with the largo Map coloured, in a case, 8io. (id. 
cloth. 


This cliilxmite und lnMutilully-illustrated work.”— Review. 
rreguaut i»lUi intorcst.”— Setietc, 


LORBES — Notes on Norway and its Glaciers, made on a Journey 
HI 18ol-followed by Journals of Tlm‘« Kxcurhious in tlie High' Alps of Dau- 
pbind, Berne, and Savoy James D. Forbes, F.K.S.;^tc. &c., Pro- 

fessor of Natura PInlosopIiy m the Uiiivei-bity of hdmbuigh, and Author of 
1 ravels through the Alps. With Numerous Woodcuts and Coloured Litho- 
graphed Illustrations. Royal 8vo, 21a. doUi. 

GALLOWAY— A Trealiae on Probability. By Thomas Gallo- 

S Astronomical Society. Post 8vo, Ga. 


“*“1 Vigiluntiiis. By the Rev. W. S 

GdJy, U.D., Author of “ Waldensian Researches,” Post 8vo, Is. Ud. 

“ An eloquent lu count, from pmon.il olmi i\,iti«n, ot that emdll corniuunitv of Prolpui 

miJst 01 privstioui uiiU pcimuUoiit uot yet ML(!L.cd."-<)»«„<Wy 

I'yi'ical Compositions selected from 

A masterly and tompKlmnsivc Issay.”— 

)«“■ wi»i™ 

IIANSARl^Brintiiig and Typefoundini?. Two Treatises bv T 

UAtr?rs.T “I Woodcuts. Post SvcTm. Stir 

and the Fine Arts. Bv 

coiUf under our t*"' Biltannicn,’ has 

to the MIUC tcrutihcAlion.”— ^ ^ auythmg approuclimg 
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CATALOGUE OF WORKS 


HENDERSON — ^Astronomical Observations made at the Roval 

Observatory, Edinburgh. By Thomas Henderson, F.R.S.E., and R.A.S., Pro- 
fessor of Practical Astronomy in the University of Edinburgh, and her Majesty’s 
Astronomer for Scotland, i^’ublished by order of Her Majesty’s Government. 
Vois. 1, 2, 3, 4, 5, and 6. 4to, 12s. boards. 

IIETHERINGTON— The History of Rome. By the Rev. W. 
M. llctherington, M.A. With an Account of the Topography and Statistics of 
Modern Rome. By the Rev. J. Taylor, M.A. l2mo, with a Map of Ancient 
Rome. 3s. 6d. bound. 

HOOPER’S PHYSICIAN’S VADE MECUM; or, A Manual 

of the Principles and Practice of Physic. Fourth Edition, considerably Enlarged 
an<l Improved. With an Outline of General Pathology and Therapeutics. By 
William Augustus Guy, M.B. Cantab. 12mo, 10s. Gd. cloth. 

lIOSKlNCr — Architecture with the Practice of Building. By 

William llosking, F.S.A., Architect. To which are subjoined the Articles 
Masonry, Joinery, and CarjMiutiy. With TJiirty-live Engravings. 4to, 15s, bds. 

IRVING — Lives of Scottish Writers. By David Irving, LL.D. 

J*ost 8\o, r)s. cloth. 

JEFFREY’S LIFE. By Lord Cuckburn. 2 vols. 8vo, 25s, 

cloth. 

KELLAND — Elements of Algebra. By P. Kelland, A.M. 

F.H.SS.L. and E , &c. Xc., late Pcllow of the Queen’s College, (.ambridge, Pro- 
fessor of Mathematics in the Univcisity of Edinburgh, 8vo, 9s. cloth. 

KELLAND — Demonstrative Matlieinalies. Being a Course of 
Lectures, by the Rev. Phillip Ktlland, A.M,, F.R.88.L. aud E., Professor of 
Malhemalics in the University of Edinburgh, late Fellow and Tutor of Queen’s 
Colit ge, Cambridge. 12mo, 4s. 6d, cloth. 

KITTO — A Cyelopiedia of Biblical IJtenituro. By John Kitto, 

D.I)., F.S.A., Editor of “The Pictorial Bible,” &c. &c. Assisted by nuinenius 
able Scholars and Divines, British, Continental, and American, whose Initials 
are affixed to their respectue coutributioiia. Illustrated by Maps, Engravings 
on Steel, and 551 ICngravings on Wood, in two thick volumes 8vo, £3, cloth. 

It IS not ttiu mutii tu sny, that this Cytlopu'dia suip^isscs every Bihlitul Dielioiiaiy 
whitli Ii.w pit tt Jill It, aud tliat it leaves uolhiiig to be desired in suili a woik, wliieli ean 
throw light oil Ibe criticism, mter])> etatioii, histoiy, tito^najiliy aieliieology, uud jibysicnl 
science at the Itibk It is biautiluUv luiuted, aiio is illustrated with font it cu eu}:raviii*:H 
of maps and \ lews, besides more than tivc huiidied well-execuled woodcuts of subjects eal- 
eul.ilid toeluiulate the FIolv Striplui cs ’’—//ornt’A JfUiodiuliun lo llu Cntual Jmlym of 
///^ At; IS iiilh Edition, Vol v. p 137. 

“Ill tlie C>olopte(lm betoie us, we leeognise the doseiiess of the eoniuetion betwa'eii 
the »S(iiptniul and piolaiu Bub]c>cl8 of the aucicnt woild, the hiiium}; aud ability with 
whiiti ihi oue ilasb is nuih tothiow light upon the other, the iiidustiy with whiih obsol^o 
us.ujis juo ajii.un restond to tin. knowledge of ui.iukind , thi ai ute (nlicisni whidi is made 
to hear on the most disputed tuims ind tilings of revelation , iiii t the extiaoidinaiy illus- 
tintiou whiLh tho must recondite bubjccts icunc at tlic hands ot the Conti ibutors “ — 
Athena urn. 

KITTO — A Popular Dictionary of the Bible, By John Kitto, 
D.I)., F.S.A., &c , Editor of tiu* Pictorial Bibb*. In a beautifully printed volume, 
lllubtiati'd by 330 Engra\ings on Wood. 8vo, lOs. 6d. cloth oV half-bound calf. 

KIOTO’S ILLUSTRATED HISTORY of PALESTINE. A 

New Edition, with Map, and upwards of 200 lllublrations. 8mui> 8vo, 6h. cloth ; 
Cl). GJ. cloth, gilt edges, 

“ No exiieube seems to have bien spaied in the getting up ol this volume, whieli will be 
found not only a most useful companion to the sacicd volume, from the conipaetniss aud 
compreheusivtness of its numerous details, but an attractive as well as valuable picscnt 
to the young **—JIritatinia. 

“ We have placed this among tlie gift books beuiusc it ought to be ouc, so profusely is it 
illustrated. The seasou will nut produce a more useful piuc book than this.” — Cntte. 



rUBLISnED BT ADAH AITO CHARLES BLACK. 


15 


KrrrO— The Histoiy of Palestine, for Schools. From the 
Patriarchal Am to the fVeaeot nme; with Introdnotofy Chapten oa the Oeo- 
graphy and l^tnral Histoiy of the Count^p and on the Customa and Institu- 
tions of the Hebrews, John Kitto, D.D., F.S.A., Editor of the ** Pictorial 

Bible/’ &C. &C. With Questions for examination, by Alexander Reid. A.M., 
Rector of the Edinburgh Institution. 12mo, 8s. 6d., or with Hap of Pales- 
tine, 48. bound. 

** Beyond all dlipnte it is the best historiad compendium of the Holy Land, fTom the 
days of Abraham to those of the late Paiha of Mehemet kYi,'* —Obierver. 

** Nut only a complete description of the Holy Land, but a condensed Histoiy of the 
Jewish People. * ^ * On the whole, tins ably compiled end elegant manual is well ml- 
rulated to assfit the yonng in obtaining a nght nodcratanding of Uolv Scripture, and to im> 
part a life-like interest to tUeir atudy of the tocred volume .*’ — John Bull, 

LECOUNT— Railways. A Practical Treatise; explaining their 

Construction and Management, being the article under that head in the Enev- 
cloprodia, with additional details. Bv Lieutenant Lecount, R.N., F.R. A.S., 
of the l»ndoii and lUnningham Railway. Illustrated with Woodcuts and ICn- 
gravings. Post 8vo, -^s. fid. cloth. 


LEES— Arithmetic, Algebra, and Geometry. An Elementary 

Work for the Use of Students. By George Lees, A.M., &,c. 8vo, fts. cloth. 

LESLIE — Natural and Chemical Philosojdiy. Being the Contri- 
butions of Sir John Leslie on the following iin])ortnnt subjects of Natural and 
Ohemical Philosophy : — 

1. AcriRoMATio Glassks. 2. Acoi/STirs. 3. AKuoNAurioa. 4. Bauo- 
MKTKR. r>. HaKOMETRIOAI. WkASURKMKNIR. 6. GmM ATE. 7. Coiji 
AND UONI.I LATION. 8. 1>KW. 9. MlCTFoROLOdV. 

Illustrated with J’lates and Woodcuts, and prefaced by a Biographical Memoir 
of the Author. Post 8vo, 9s. cloth. 

LINDSAY—IIigh School Vocabulary, By Samuel Lindsay, A.M., 

18mo, Is. bound. 

LOIIIIAN — Con.sistorial Law. The Law and Practice peculiar 

to tlie Actions of Declarator of Marriage, Nullitv, S(‘parntion, Divorce, Legiti- 
macy, cVc., transferred from the Cominiss.arv Court to the ('lourt of Session ; 
coinpreheiuling the StylPH of tliese Aetioii.s, l>Ieas, Modes of Proof, and general 
d(*t{nl of Procedure. With L’eninrks on the Pre ent Stale of the Consistorial 
Law, and the Recent Judicature Act. By Maurice Lothian, Solicitor in the 
Conaihtorjal Court of Stotlaiid. 8vo, 7s. Gd. iioards. 

^^ACATJLA.Y a Medical Dictionary. Designed for Popular 

Use; containing an Account of Diseasis and their Treatment, including those 
most frequent m B arm ClimatCH ; with Directions for Administering Medicines; 
^e Regulation of Diet and Regimen ; and the Management of the Diseases of 
Women and Children. By Alexander Macaulay, M.D., Fellow of the Rovnl 
( ollege of Surgeons of Edmburgdi, and Physician- Accoucheur to the New Town 
’ Edition, enlarged, corrected, and improved. Dedi- 

•loul'l.. 1“ one ‘Wok volume 8v«, 

nn'^ifon Umild. *0 ’""’O *“ hook-ilidf."- 

M CULLOCH— Treatises and Essays on Subjects connected with 

V Sketclieeof Quesnay, Smitli, and Kicardo. 

'loth.' iaq., Author of Commercial Diedonaty, &c. 8vo, t4». 

Lothians. Inclndin<r 

Iare7 Fan TWr "fi/?’".'" ) ‘*"‘1 »>'*»• Charles Ma^ 

2 ^uid lllnstratcd with 90 Woodcuts, 11 Geolp^eal Sections, and 


New Edition in the PreM. 
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CATAX.OQVR OF WORKS 


MATTHETr— Emigration Fields: NoHh America, the Caj^e, 
Australia, and New Z^iand, describinff those Countries and CJVfn^- a compara- 
tiTO view of the advantages they present to British Settlers. Jiy Patrick 
Matthew, Author of "Naval Timber and Arboriculture.” With two Folio 
Maps, ongravecf by Sidney IlalL Post SvOt 3s, ftd. cloth. 

The informatinn f ontained m this work is of such a nature, that every one who has 
an Intention of emigrating should, betore hxing upon any country as his ftiturc residence, 
ronsultthe IImiobation I'ibldh.*’— D imdce (Jkrmiclt. 

MATTHEW — ^Naval Timber and Arboriculture. Beinp; a Treatise 
on tliat Subject, with Critical Note« on Authors who have recently treated the 
Subject of I’lanting. By Patrick Matthew. 8vo, 128. cloth. 

MILLER — The Principles of Surjrery. By James Miller, F.R.S.E., 

Professor of Surgery in the University of Edinburgh, &c. &c. Third Edition, 
illustrated by 240 Wood Engravings, 16s. cloth. 

“ An admirable rpifnnic of the Buigieal science of the day. Iking written by a sound 

J raclii’Hl surgeon, aptuslomed to the public teaching of Ins science, it has that clearness of 
ution and oiraiigcmont which rcndeis it aii excellent manual for the student, as well as 
that amount of scientific and practical information which makes it a safe and valuable guide 
to tlie practitioucr.”^jLanc^/. 

MILLER — The Practice of Surgery. By James Miller, F.R.S.E., 

Professor of Surgerj' in the University of Edinburgh, &c. New Edition, illus- 
trated by 227 Wood Engravings. 8vo, 16s. cloth. 

“ Wc liave no hesitation in stating, that the tuo volumes form together a more com- 
plete tCTt-book of surgery than any one that has been herctotoic oflTerw to the student 
Nof thet M Joui nal of Midtcttie. 

MILLS — The Sportsman’s Library. Comprising Instructions on 

every matter connected with Hunting, Shooting, Coursing, and Fishing; in- 
cluding the Condition of Horses, Breeding and Breaking of Dogs, l*rcsorvalion 
of Came, Destroying of Vei niiii, &c. By John Mills, Esq., Author of “ The Old 
English Gcntlerrian,” &c. 8vo, Os. cloth. 

MOIR and Sl^ALDING — Poetry, Romance, and Rhetoric, By 

William Spalding, Professor of Rhetoric in the University of Edinburgh, and 
George Moir, Esq., Advocate. Post 8vo, 38. 6d. cloth. 

NEILL — ^The Fruit, Flower, and Kitchen Garden. By Patrick 
Neill, LL.D., F.H.S.E., Secretary to the Caledonian Horticultural Society. 
Fourth Edition. Revised and Improved, illustrated with upwards of 60 Wood- 
cuts. 12mo, 3s. 6d. cloth. 

" One of the best modern books on Gardening extant.”— Zendon’* Gardener*t Mag&-^ 
zine. 

NICOIa— -M anual of Mineralogy ; or, the Natural History of the 
Mineral Kingdom. Containing a General Introduction to the Science, and de- 
scriptions of the several Species, including the more Recent Discoveries and 
Chemical Analysis. By James Nicol, F.R.S,E., F.G.S., Professor of Natural 
History' in Manschal College, Aberdeen. Post Svo (pp. 696), Cs. cloth. 

“Tliereis a completeness about tlus Mimuo) of Mmertdogy which must reeommi'nd it 
to every one pursmug this hiancli of science. Particular attention has been paid to the 
erystallographlc and chemical charaiters of each nimerdl, and the analyses given are more 
oxtenaivc, and selected with more care, than those to be found m any woik on mineralogy 
in the English language.”--//i/<tf»(pww. 

PHILLIPS— A Treatise on Geology. By John Phillips, F.R.S., 

F G.S., Professor of Geology in King’s College, London, Author of " Illustra- 
tions of the Geology of Yorkshire,” “ A Guide to Geology,” &c. &c. Embel- 
libhod with Plates and Woodcuts. Post Svo, 6s. cloth. 

“The author has selected and comhiiicdall the discoveiica winch have been made in 
Geology up to the jiresent tune.”— i/m Uerafd 
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PORTEUS— A Summaiy of the Frincipal Evidencee for the 
Truth and Divine Origin of the Christian Revelation. By the lata Bellby For- 
teuS| D.D. New EditStn, by Dr. Boyd, of the High School, Edinburgh. 18mo^ 
Is. bound. 


BAMSAT — ^The Gentle Shepherd. By Allan Bamsaj. New 
Edition. With a LI$b and Portiwt, and numerous Ulustrations after David 
Allan. 18mo, sewed, Is. 9d. *, cloth, 2b. 6d. ; cloth, gilt, 8s. ; morocco, 5s. 6d. 

ROD AND THE GUN. Being Two Treatises on Angling and 

Shooting. The former by James Wilson, Esq , F. R.S,E., &c. &c. The latter by 
% the Author of ** The Oakleigh Shooting Code.” Second Edition, with numerous 
Engravings on Wood and Steel. Post 8vo, 10s. 6d. cloUi. 

“ The tre itite on Shootinjr. hy the Author of the ‘Oukleigh Shooting Code/u written 
upon a very comprehenen e plan, and beautifully illuitrated. Its companion on angliue 
18 one of the most interesting, instructive, and agrecablo treatises on ‘the gentle art’ 
that exists in our language, and will piobably be noticed at greater length lu a futuie 
article.*’— Rmfie. 

Know likewise to thy utter discomfort, nay, to thy utter confusion, that a book has 
lately a])p^ed yclept * The Rod and the Gun/ so amusingly written, and so eomplete in all 
its parts, that there is not the least occasion for vou to huiiben Mr Murray’s shelveB uith 
SS to.‘*-iV«ce to « Vays and NtghU of Salmon With- 


ROGET — Physiology and Phrenology. By P. M. Roget, M.D., 
Secretary to the Roy al Society, &c. &c. Author of the Fifth Bridgewater Trea- 
tise. Two volumes post 8vo, 12 h. cloth. 

“ A luminous aud most candid and impaitial aciount of Phrenology , . . In the 
Treatist ou Plivsiology, Uiat science is trialed clearly, fully, and m the systematic manner 
which a masterly msquitor might adopt for the bcnei t of Ills pupils/’— mgarnue. 

RUSaSELL — T he History of Modem Europe. With an Account 

ot tile Decline and Fail of the Roman Empire, and a View of the Proffress of 
Society from the Rise of the Modern Kingdoms to the Peace of Paris in 1708 • 
in a S(«rie8 of Letter, from a Nobleman to hie Son. New Edition, continued to 
tlie Accession of Queen Victoria of England. Four rolumes 8 to, 5is. cloth.' 

Treatise on tlie Steam Engine. Illustrated bv 
248 Engraviugs on Wood, and 16 Folding Plates on Steel. Poet 8to, 6s. clott 


“ Most complete and circunistantial 


At the same time it is metbodi> 


fmilK V* explains all tlic modern iniprcAements and appUcations, it cannot 

A Treatise on the 
By 


KUSSEL^Steam and Steam Navigation, ji. j realise on 

Tnhn Ap^irations of Steam and on Steam Navigation. 

in ’!®"j "■A., >.K8.E., Vice-President 0 * the SocietyTArts o'f 
Plate, on sS-L ?W ^ ““ 

SCHMlT^Elementary Grammar of the Greek Language. By 

Verl^'■aw^?n,ni!f■^n■®■’?®®*°'■“^‘'’* Sch»«'. &<=• &e. Ve Irregulu 

contain all that Olassification, and the Rules of Sratax 

12mo,^ M cIotL ‘ knoaledge of the Greek Lan^. 


K-S-A., containing his Journal 

Scott. With .even 
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CATALOGUE OF WOBKS 


SIR WALTER SCOTrS WRITINGS AND LIFE. 

Wavbrley Novels. 


EACH NOVEL MAT BE HAD SEPABATELT AT THE FCtfiLOWXNO PBICES:— 


Abbot. 

... 1/9 

Old Mortality : 

1/9 

Anne of Geier^tein 

... 2/0 

Peveril of the Peak 

2/6 

Antiquary 

... 1/8 

Pirate 

1/11 

Betrothed, 

... 2/0 

Quentin Durward 

i/;i 

Black Dwarf, ^c 

... 1/6 

Redgauntlet 

1/10 

Bride of Lammennoor 

... 1/4 

Rob Roy 

1/11 

Count Robert of ‘Paris 

... 1/8 

St Ronan’s Well 

1/9 

Fair Maid of Perth 

... 1/11 

Surgeon’s Daughter — Castle 

Fortunes of Nigel 

... 1/11 

Dangerous 

2/6 

Guy Maniiering 

.. 3/9 

Talisman— Two Drovers — My 
Aunt Margaret’s Mirror — 


Heart of Mid-Lothiau 

... 2/3 


Highland Widow, &c 

... 2/0 

Tapestried Chamber— Death 


Ivanhoe 

... 1/11 

of the I..aird'8 Jock 

1/9 

Kenilworth 

... 1/11 

Waverley 

2/0 

2/0 

Legend of Montrose, &c 

Monastery 

... 1/6 
... 1/9 

Woodstock 


Library Edition^ uniform with the Standard English Authors. Complete in 
Twenty-Five Volumes Demv Svo, cloth, price £X\ : Ss. Each volume con- 
tains a* complete Novel or iSfovels, illustrated with a Frontispiece and Vig- 
nette, Painted and Engraved b}' the most eminent Artists. This Edition con- 
taiiH all the latest corrections, additions, and introductions of the Author. 

II. 

Abbotsford Illustrated Edition, With 120 Engravings on Steel, and nearly 
2000 on Wood. 12 vols., super-royal octavo, cloth, £10 : lOs. 

III. 

Author^ s Favourite Edition in 48 vols., foolscap 8vo. With 96 Engravings on 
Steel by the most eminent Artists. Cloth, £7 : 4s. 

IV. 

Cabinet Edition, In 25 vols., foolscap f With Vignettes, Fac-simile, and 
Engraving from Greensiueld’s StdJue of the Author. Cloth, £3 : 13 : 6. 

V. 

Peoples Edition, ^Jive vols. royal 8vo. With Portrait, Fac-simile, and Vignette 

Titles, after designs by Harvet. Sewed, £2 : 5s., cloth, £2 ; 10s. 


Poetical Works. 

1. — A New Edition in One Vol. foolscap octavo, portable size, including The 
Lord of the Isi.ks, and a variety of other copyright poetry contained 
ill no other pocket edition. With a Life of Scott, and Illustrations on 
Wood and Steel. Foolscap 8vo, cloth, gilt edges. 5s. ; or crown 8vo, 
Vrith additional Engravings, 6s. 

II.— Pocket Edition for * Tourists. Lay of the Last Minstrei^ 
Ma^mion— Lady of the Lake — Rukeuy— and Lord op the Isles. 
Illuminated Covers, gilt edges, Is. 3d. each. Cloth, lettered, Is. Gd. ; 
Full bound morocco, 2s. 6d. 
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Sir Walter Scon’s Writings and Life— Poetical WoRKa^Continued. 

III. — In One Vol. roval octavo, cloth, uniform with the Novels, People’s Edition, 

Vignette Title, and Fac-simile. Cloth, lettered, lOs. 

The Same, large paper, v’ith 26 Engravings from Thunfr, &o., forming 
a companion to the Novels, Abbotsford Edition. Cloth, lettered, 
ISs. ; foil morocco, elegant, 32s. 

IV. — In Six Vola, foolscap octavo, cloth, uniform with the Cabinet Edition of 

the Novels, 12 Engravings after Turner, and Fac-simile. In sets, 
cloth, lettered, 2‘ls. 

V. — In Twelve Vols. foolscap octavo, cloth, uniform with the Novels, Author’s 

Favourite Edition. With the Author’s last Introductions, Notes by the 
Editor, and 24 Engravings, all from Turner’s designs. In sets, cloth, 
lettered, £ 1 : ICs. 

VI. 

The Lady of the Lake. — New Illustrated Edition. Including all his latest 
Copyright Notes, Various Readings, and Additions. Exquisitely Illustrated 
by DiRKET Foster and John Gilbert, uniform with the Illustrated Editions 
of Tliomson, Goldsmith, and Lt)ngfellow’8 Poems, forming a beautiful and 
appropriate Gift-Rook. The Illustrations of the vSccnery are from Sketches 
drawn on the spot by Mr. Foster expressly for this Work, and comprise 
all the principal places alluded to in the Poem. New Edition, with additional 
Engravings. Extra cloth, gilt edges, 18s. ; morocco, elegant or antique, 25s. 

VII. 

Lay of the Last Minstrel. New Edition, uniform with the Lady of the 
Lake, with one hundred Illustrations on Wood, by Rirkjbt FoirncR and John 
Gilbert. rrint<jd from Sir Walter Scott’s interleaved Copy of 1831, with 
all Itis latest Corrections on the Text of the Poem, and Additions to the 
Notes. The Illustrations of Scenery are from Sketches drawn on the spot 
thjs Summer by Mr. Fostkic, expressly for this Work, and comprise all the 
principal places alluded to in the Poem. Extra cloth, gilt edges, price l8s. ; 
morocco, elegant or antique, 258. 

Frose Works. 

Coinpkte Edition, 

L— In Twenty-eight Volumes, uniform with the Author’s Favourite Edition of 
the Novels, witli 56 Engravings from Turner; Portraits and Maps. 
In sets, cloth, lettered, i‘4 : 48. 

— 1» Three Vols. royal 8vo, uniform with the People’s Edition of the Novels. 
Cloth, lettered, A'l : 6s. 

Tales of a Grandjatlier. 

1. Numerous Illustrations, 3 vols. cloth, I'^s., extra, gilt edges, ISs. 

XI — In One Vol, royal 8vo, uniform vrith the Novels/^ People’s Edition, cloth, 
lettered, 6s. ^ r 

Jarffp paper, with 11 Engravings after Tttrnkr, uniform with 
ITT Novels, Abbotutord Edition, cloth, lettered, 10s. Cd. 

111. (History of France). By Sir Walter Scoit. Numerous Illus- 
tratious, cloth, 4s., extra, gilt edges, 5s. 

Life of Napokon Bonaparte, 

^ols. Foolscap 8vo, wdth Maps, Portraits, and 9 Engravings after 
1 URNER, uniform with the Cabinet Edition of the Novels, in 50 Vols. 
In sets, cloth, lettered, 20s. 

II. pne Vol. royal 8vo, uniform with the People’s Edition of the Novels. 
Cloth, lettered, lOs. 

The Same, large paper, with 14 Engravings after Turner and others, 
uiiiforin with the Novels, Abbotsford Edition. Cloth lettered, l8s. 
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Sm Walter Scott’s Writings and Life— Pjbosb Works— 


History of Scotland — School Edition. In Two Vols. crown 8vo» with Coloured 
Map. Bound and lettered, 10s. 

Life of Sm Walter Scott. By J. G. Lockhart, Esq. 

L— New Edition, in One Vol. 12 Engravings, cloth, 7s, 6d.; extra, gilt 
edges, 8b. Cd. 

II. — In One Vol. royal 8vo, with Portrait and Fac-simile, uniform with the 
‘ People’s Edition of the Novels. Cloth, lettered, lOs. 

The Same, with 11 Engravings from Turner and others, uniform with 
the Novels, Abbotsford Edition. Clotli, lettered, ISs. 

III. — In Ten Vols. foolscap ftvo, uniform with the Author’s Favourite Edition of 
the Novels, with 20 Engravings on Steel, and Fac-simile. In sets, cloth, 
lettered, £1 ; 10s. 

BeauUes of Sir Walter Scott — A Selection from his Writings. 
Two Engravings, cloth, gilt edges, 58.; extra, gilt sides and edges, 6s. 

Readings for tlie Young^ from the Works of Sir Walter Scott — 

Nuraorons Illustrations, 3 vols. in one, cloth, gilt edges, 7s, ; separate vols. 2s. 6d. 

SCRYMGEOUR — A Class-Book of English Poetry. Comprising 

Extracts from the most distingiiisheil Poets of this Country, from Chaucer to the 
Present Time, witli Biographical Notices, bhcplanatory Notes, and an Introduc- 
torj’ Essay on the Origin and Progress of the English Language. By Daniel 
Scrymgeo'nr, of Circus Place School, Edinburgh. 12mo. ds. 6d. bound ; or in 
Two Parts, ]mcc 2s. Cd. each. — Part I. containing the Poets from Chaucer to 
Otway ; Part 11. from Prior to Tennyson. 

“ The beat .ind rompactcat new of the subject v e have seen Spectator. 

“ Did we lielieve in the nttainracnt of pertcetion, we should piuiiouncc this the perfec- 
tion of Poi tiLcil Class Books.’*— jfcVttta/iWMt/ Ttmes.^ 

SCRYMGEOUR — The Poetry and Poets of Britain, From 

Chaucer to Tennyson, with Biographical Sketches, and a rapid View of the Cha- 
racteristic Attributes' of caoh. Preceded by an Introductory Essay on the Ori- 
gin and Progress of English Poetical Literature. By Daniel Scrymgeoup. Post 
8vo, 6s. cloth } 68. Gd. cloth, gilt edges. 

SHAW — Experimental Observations on the Development and 
Growth of Salmon-Fry, from the exclusion of the Ova to the age of Two Tears, 
B}' John Shaw, Drumlaurig. 2s. 6d. 4to, sewed, 

SHOOTER’S HAND-BOOK, being the Treati.se on Shooting 

contained in the “ Rod and the Gun.” By the Author of “ The Oakleigh Shoot- 
ing Code.” With Plates and Woodcuts. Post 8vo, 6b. cloth. 

SMITH — The Wealth of Nations. An Inquiry into the Nature 
and Causes of the Wealth of Nations. By Adam Smith, LL.D. ; with the Life 
of the Authoi, an Introductory Discourse, Notes, and Supplemental Disserta- 
tions, by J. R. M‘CulIoch, Esq. Fourth Edition, corrected throughout, and 
greatly enlarged. With two Portraits. 8vo, Ids. cloth. 

STOCQUELER — The Old Field Officer; or, the Military and 
Sporting Adventures of Major Worthington. Edited by J. II. Stocqueler, Author 
of the British Officer, Military Encyclopsadia, &c. 2 vols. post 8vo, 18s. doth. 
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STOWE — Uncle Tom’s Cabin. By Mrs. Stowe. An elegantly 
Printed and highly Illustrated Edition. With lilO lllubtiations by Matthew 
Urlwin Sean^ a Frontispiece by John Gilbert, and Ornamental Titfe-Pago by 
Phiz. Cloth, gilt edges, price 10s. 6d. ; morocco, 18s. 

“ Accept my thanks for the copy of your lltustrated Edition of Uncle Tom’S Cabin 
From the examination I have been able to give it, I am disposed to regaid it as the best in 
i)omt of execution, particulaily in respect to the wood-cuts, which 1 ha\e yet seen.”— A>- 
tract from a Letter from Mrt Stowe to the PubtteherSf Glasgow, Apnl 14 1863 

“ Of all the vaiied forms in wlucli the celebrated story of ‘ Uncle Tom’ has been pre- 
sented to the public, this is by far the most gracctul and atti active , and fthen we con- 
sider how extensively the art of the typographer and the pencil of the aitwt have been 
employed in London and elsewhere to embellish the numerous issues of the work, it is 
matter ahko of pride and satisfaction tliat our Edinburgh fnends and couutiymen, 
Messrs. Black, have produced an edition without a iival. Brought out ib the very hrsi 
style as regaida paper and pnnt, it has a beautiful frontispiece by John Gilbert, an oina- 
meutal title-page by Phi7, and no fewer than 180 fine engravings on wood by Matthew 
Urlwin Sears. These represent, with great taate and hdelity, every important incident m 
the narrative of Uncle lom, whether humorous, revolting, or pathetic A more wmsome 
drawingroom book wc have rarely seen. The binding and cvttrnal illustrations and 
decorations are worthy of a work so beautiful within **— Glasgow Herald, Apnl 1863 

“ Of the many editions of this celebrated work, this is certainly the best that has come 
under our notice It is lieautifuliy pnnted, and embellished with nunicroys engravings 
by Gilbtiit, riii7 and Seais Atlas, April 18^. 

SZABAD — The Chief Periods in the History of Hungary, from 
its Origin down to the Present. By Emeric Szabad, late Secretary under the 
Hungarian National Government of 1849. In the Press, 

THOMAS — ^Practice of Physic. New Edition. By Dr. Frampton. 

2 vols. 8vo, 28s. cloth. 

THOMSON — Treatises on Brewing and Distillation. By Thomas 
Thomson, M.D., F.R.S., London and Edinburgh, Professor of Chemistry in the 
University of Glasgow; with Practical Instructions for Biewing Porter and 
Ales according to the English and Scottish Methods. By William Stewart. 
With Engravings. Post 8vo, 6s. cloth. 

TRAILL — Medical Jurisprudence ; being Outlines of a Cour'^e of 

liectures by Thomas Stewart Traill, M.D., F.R.S.E., &c. &c., Regius Professor of 
Medual Jurisprudence and Medical Police in the Univeisity of Edinburgh. 
Second Edition. Post 8vo, 6s. cloth. 

TRAILL — Physical Geography. By Thomas Stewart Traill, 

M.D , F.R.S,E., Regius Professor of Medical Jurispiudence in the Univeisity of 
Edinburgh, &c. &c. Post 8vo, 6s. cloth. 

“A most el iboriitp digest of facts jnduiously arranged, and, as a general exposition, 
peril aj)s the most complete that has yet appeared ” — Leeds Mercury 

TYTLER — The History of Scotland. By^Patrick Fraser Tytler, 
Enlarged and Continued to the Present Time, by the Rev. James T^lor, 
U.D. ; and adapted to the Purposes of Tuition by Alexander Reid, A.M., LL.D., 
Kector of the Edinburgh Institution. 12inp, Ss. 6d. bound. # 

TYTLER— -History of Scotland. By Patrick Fraser Tytler, Esq. 

Ihird Edition, 7 vols, demy 8vo, £2 : 12 : 6, doth. Also, — the Cheap 

Edition, in 9 vols. post 8vo, price £2, 5b. 

The stuudaid History of Scotland ” — Quarterly Review 

TYTLER — General Modern History. By Alexander Fraser Tjrtler, 
Wd Woodhouselee, late Professor of Universal History in the University of 
Edinburgh. Continued to 1860 ; with a Chronological Table. 12mo, 8s. bound. 

* This Edition of a work of great Educational utility has been carefully 
reyi^, with the view of accommodating it in every respect to the purposes of 
f in a new and distinct type, and is illustrated witii a Map 

of the World, which affords the means of traciiig the fluctuating Boundaries of 
Empires, and the localities rendered memorable by warlike operations, ol: by 
other important events in Modern Histoiy. 
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TYTLER-^General Ancient History. By Alexander Fraser Tytkr 
Lord Woodbouseleef late Professor of Universal Ilistory in the Univeraity of 
Edinburgh. With a Chronological Table and Map, 12mo, Sa, bound. 

In this new Edition of ly tier’s Elements of Ancient History, advantage 
bos been taken of the recent discoveries and critical researches in the histories of 
Greece, Komc, and Egypt ; In consequence of which it became necessary to cor- 
rect or entirely supersede a large portion of the original work. The same prin- 
ciple has been adopted in the account of the Hebrew Commonwealth, -which 
entirely omitted, and in the early history of others of the eastern na- 

tions. 


TYTLER — Tales of Good and Great Kings. By M. Fraser 

Tytler, Author of “ Tales of the Great and Brave,” &c. &c. With FrontU- 
plece. 12mo, 5s. cloth. 

VEITCH — Greek Verbs, Irregular and Defective; their Forms, 

meaning, and Quantity ; Embracing all the tenses used by the Greek -writers, 
with references to the passages in which they are found. By Kev. W. Veitch. 
12mo, Cs. cloth. 

“ Mr. Vpitrh, in the lolume hcfoie us, has, with sintnilnr ability and industry, contii- 
buted a moat valuable addition to the literature of this country, and ot Europe.”— Apec/a/or 
“ A monument of industry and research. * * * There cannot be a more useful book 
for the Greek composer, whether in piose or m torse.”— Athenaeum. 


WALLACE — Conic Sections. A Geometrical Treatise on the 

Conic Sections ; with an Appendix containing Formul® Ibr their Quadrature, 
&c. By William Wallace, A.M., F.R.S.E., late Professor of Mathematics in the 
University of Edinburgh, &c. &c. 4to, 4s. sewed. 


WERNERIAN NATURAL HISTORY SOCIETY MEMOIRS. 

Vols. iv. V. vi. vii. and viii., each £1 : Is. 

\ 

WHATELY — Works by Richard Whately, D.D., Archbishop of 
Dublin. 


Elements of Logic and Rhetoric, crown 8vo, each 

Easy Lessons on Reasoning 

Easy Lessons on Money Matters 

English Synonyms 

Historic Doubts Relative to Napoleon Bonaparte 

Lectures on Political Economy 

Cbf racters of our Lord’s Apostles 

Scrfpture Revelations respecting Good and Evil Angels ... 

Scripture Revelations respecting a Future State 

On some of the Peculiarities of the Christian Religion 

On some of the Difficulties in the Apo.stle Paul’s Writings 

On the Eirors of Romanism 

On some of the Dangers to Clnistian Faith.. 

Use and Abuse of Party Feeling in Religion 

Charges and Sermons on \ariou8 Subjects, each 

Thoughts on Chinch Government 

Reflections on a Grant to a Roman Catholic Seminary 

Dangers of Divisions within the Church 

Infant Baptism Considered 

Thoughts on the Sabbath and Sabbath Observance 

Search after Infallibility 

Christian Sainta of the New Testament 

Preparation foi* Death 

Introductory Lessons on Christian Evidences 

Introductory Lessons on Ilistoi^' of Religious Worship ... 
Cautions for the 'Hmes 




23 


PUBLISHED BY ADlM AND CHARLES BLACK. 


WIENHOLT — Somnambulism. Seven Lectures. Translated 
from the German of Dr. Arnold Wienholt. With a Preface, Introduction, Notes, 
and an Appe“<^^^ Colquhoun, Esq., Advocate, Author of “ Isis Revc- 

lata,” &c. Foolscap 8vo, 4a. boards. 

We recommend this volume to all who feel an interest in the subjects of which it 
treats. Both the lectures of Wienholt. and the Notes; Appendix, 8tf., of Mr. Colquhonn, 
arc replete with Materials for thinking.’*— /oAn Bull, 

WILSON — A Voyage round the Coasts of Scotland and the Isles. 
By James Wilson, F.R.S.E., M.W.S., &c. Author of the Treatise on Angling 
in “ Ihe Rod and the Gun.*’ With a Map of Scotland, exhibiting the Tract of 
the Voyage ; a Chart of St. Kilda ; Twenty Etchings on Steel by Charles H. 
Wilson, A R.S.A., from Sketches during the Voyage by Sir Thomas Dick Lau- 
der, Bart. ; and numerous Wood Engravings from the same Sketches, drawn by 
Montague Stanley, Prior, and Sargent, and engraved by Branston, Landells, 
and other artists. Two volumes, post 8vo, 10a. 6d. cloth. 

WILSON — ^I'he Natural History of Birds. By James Wilson, 
F.R.S.E., M.W.S., &c. &c. Illustrated with 135 Figures, beautifully engraved 
on Steel. 4to, I2s. boards. 

WILSON — The Natural History of Quadrupeds and Whales. 
With upwards of 160 figures, engraved on Steel. By James Wilson, F.R S.E., 
M.W.S,, &c. 4to, 12«t. boards. 

WILSON — A General and Systematic Treatise on Insects. With 
640 Figures, engraved on Steel. By James Wilson, F.R.S.E., M.W.S., &c. 
4to, 15s. boards. 

WILSON — An Introduction to the Natural History of P'ishes. 
With 131 Figures, engraved on Steel. By James Wilson, F.K S E., M.W.S., 
&c. 4lo, Da. boards. 

WITH AM — The Internal Structure of Fossil Vegetables formed in 
the Carboniferous and Oolitic Deposits of Great Britain, described and illustrated. 
By Henry T. M. Witliani of I.^rtington, F.G.S., F.li.S.E., &c. With IG En- 
gravings, coloured. 4to, 2ls. boards. 







